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The mtrociuction of an a-pyndyl residue into the molecule of sulphanilamide 
by Ewms and Phillips (1937) was a major advance in the development of 
sulphanilamide therapy, smee not only was there produced a marked improve- 
ment in intnnsic antibactenal activity, but the new substance, sulphapyridme, 
was the starting pomt for an extensive research on the preparation of sulphaml- 
amide drugs denved from other heterocychc systems The pynmidme rmg 
system has been particularly fruitful and at least three drugs denved from this 
nucleus arc m common use sulphadiazme, sulphamerazme, and sulphameza- 
thme They are characterized by antibactenal activity of a high order against 
a wide range of organisms, by rapid and efficient absorption from the gastro- 
mtestinal tract, and by a degree of persistence m the blood which provides 
economy m use The work of Bell and Roblm (1942) suggests that the discovery 
of sulphanilamide drugs possessmg a higher mtnnsic antibactenal activity than 
that exhibited by the suiphapynmidine group is becoramg more remote Any 
improvement in sulphanilamide therapy must therefore arise from research 
devoted to the production of drugs exhibiting reduced toxicity and enhanced 
persistence in the blood We have interested ourselves for some time particu- 
larly in the latter aspect, and have found this property to be outstanding in 
sulphanilamides derived from 2-ammo-4 6-dialkoxypynmidmcs A senes of 
such compounds has been prepared (Rose and Tuey, 1946) and we propose to 
publish m due course detailed pharmacological and bacteriological findings 
on these substances as a class This memoir is concerned with the parent 
compound 2-p-aminobenzencsulphonamido-4 6-dimethoxypyrimidine (sulphadi- 
meihoxypynmidme), which is the most effective of the many homologues which 
have been examined 


NH. 



OMc 


SO- NH 




OMc 


While this paper was in preparation our attention was drawn to the researches 
of \an Dyke, Tupiko\a, Chow’, and Walker (1945), who. in the course of an 


o 
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extensive study of sulphapynmidmes, have examined some of the 4 6-dialkoxy 
denvatives with which we have been concerned In the mam, these authors 
confirm our findmgs 

We describe the pharmacology and m vitro antibactenal properties of sulpha- 
dimethoxypynmidme, the combmation of these factors m therapeutic activity, the 
toxicity and the physico-chemical properties A note on the unusual properties 
of the acetyl denvative of sulphadimethoxypynmidme is mcluded ' 

The climcal activity and pharmacology of the drug are now bemg mvesti- 
gated at Crumpsall Hospital, Manchester, and will be reported later by the 
workers concerned 


Pharmacology 

The blood concentrations attamed by sulphadimethoxypynmidme have been 
exammed m the mouse, rat, rabbit, dog, chick, sheep and calf For data on the 
last two species we are indebted to Mr J Francis, of our Vetennary Research 
Laboratones 

In the mouse — ^Absorption was exammed by the standard techmque already described 
(Rose and Spinks, 1946) Three mice received 250 mg /kg. by stomach tube as a 1 g / 
100 ml solution of the sodium salt, and the drug was estimated at mtervals m pooled tail 
blood by the method of Rose and Sevan (1944) In a senes of 14 analyses of 0 05 ml 
samples of blood contaming 2 to 20 mg / 100 ml , the mean recovery was 98 5 per cent 
± standard deviation 6 95 per cent, limit of error for a probabihty level of 0 05, ±4 00 
per cent. , 

The smgle expenment was repeated 22 times, so that 66 animals contnbuted to the 
mean results (Table I) , in Fig 1 the mean absorption curve is compared with that of 
sulphamerazme 

TABLE I 

BLOOD CONCENTRATIONS OF SULPHADIMErHOXYPYRIMIDINE 

250 mg /kg in groups of 3 nuce 


Mean blood concentrations in mg /lOO ml after 


administration 

20 mm j 

40 min 1 

1 hr 

1 5 hr 

25 hr 1 

3 5hr i 

5 hr 1 

7 hr 1 

24 hr 

Oral 

11 6 

12 7 

13.2 

14 1 

I 13 8 

14 4 

14J 

14 0 


(22 expts ) 
Intraperitoneal 
(13 expts ) 
Subcutaneous 
(6 expts ) 

17 7 

21 5 

21 1 

20.2 

20 4 

19 3 

19 1 

1 

1 

17 0 

H 

14 1 

1 

19 1 

18 8 

1 

19 9 

1 

17 0 

1 

20 6 1 

1 1 

20 3 j 

18 6 

i 

■ 


In an earlier paper (Rose and Spmks, 1946) the expression C7, which is the 
time required for the blood concentration to fall from that attained 7 hours after 
dosing to two-thirds of this figure, was suggested as a convenient means of 
defining the rate of disappearance of a sulphonamide from the blood Sulpha- 
dimcthoxypjTimidine is clearly more persistent than sulphamerazme, the values 
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of C7 taken from the mean curves bemg 16 2 and 7 3 hours respectively By 
obtaining the characteristic values from mdividual curves (Rose and Spinks. 1946) 
and submittmg the results to statistical analysis, the difference is readfly shown 
to be decisive (P<0 01) Sulphadimethoxypynmidme is thus 2 2 tunes as per- 
sistent as sulphamerazme m mice, the term persistence bemg taken to mean the 
retention of free drug m the blood The new drug reaches fanly high concentra- 
tions , the mean of the maximum concentrations from mdividual curves is 
15 3 ±125 mg /1 00 ml, which is higher than the correspondmg figure for 



Fio 1 — Blood concentrations m mice of sulphadimethoxypynmidme 
(A) and sulphamerazme (B), following the admimstration of 250 
mg /kg orally 


sulphanilamide, sulphapyndine, or sulphathiazole, although lower than that for 
sulphamezathme, sulphamerazme, or sulphadiazine Sulphadunethoxypyrunidine 
IS rather slowly absorbed, the time at which the maximum blood concentration 
IS attained, taken from the mean curve, being 220 mmutes Usmg the method of 
statistical analysis already desenbed (Rose and Spinks, 1946), the drug can be 
shown to be significantly more slowly absorbed than any of the other three 
siilphapynmidines 

The blood concentrations attained by the drug following intrapcntoneal and 
subcutaneous administration of 250 mg /kg to mice are shoum in Table 1 From 
these It must be concluded that the drug is more rapidly and more completely 
absorbed by these routes than when gi\cn orally Persistence in the blood is 
again marked, indeed there is no significant difference in this respect between 
the intrapcntoneal and oral routes The mean maximum blood concentration 
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of individual mtrapentoneal curves (20 7 mg / 1 00 ml) is decisively higher than 
that of mdividual oral curves (15 3 mg /lOO ml), and the difference between the 
mean times of attainmg these maximum values is also decisive Owmg to the 
difficulty of drawmg some of the mdividual subcutaneous curves, no statistical 
companson has been attempted m this case 

Sulphadimethoxypynmidme can be detected m the blood of mice for several days after 
the administration of a smgle oral dose of 250 mg /kg Blood concentrations recorded in 
a typical expenment with three mice were 


Time (hr ) 

2 

22 

27 

42 

46 

66 

71 

73 

89 

139 

mg/100 ml 

13 2 

13 85 

13 4 

50 

53' 

40 

42 

1 2 




T(ie mamtenance of high concentrations for so extended a time suggested that repeated 
dosmg might have a cumulative effect, givmg dangerously high concentrations This possi- 
bility was exammed by administenng two oral doses of 250 mg /kg at an interval of 



Hours a^er dosln{ 


Fig 2 — ^Blood concentrations of sulphadimethoxypyrinrudine following 
the admimstration to mice of two oral doses of 250 mg /kg at an 
interval of 24 hours 

24 hours to a group of three mice and estimatmg the concentration of free drug in the 
blood at suitable intervals after each dose The expenment was repeated ten times, with 
the results shown in Fig 2 Clearly there is no marked rise in maximum blood level on 
such repeated dosing This has been confirmed by statistical treatment, which shows that 
there is no significant difference between the mean maximum concentrations, but there are 
decisis e differences between the mean times at which these maxima were attained and 
between the respective rates of disappearance of the drug from the blood stream We 
base no explanation to offer for the greater rapidity with which the second dose is absorbed 
but It maj be that this phenomenon is associated in some way with the lower persistence 
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Tissue concentrations in mice have been estimated following the usual dose of 
250 mg /kg , three mice being used for each pomt recorded in Table II In Table UI the 
corresponding values for sulphamezathine are given for companson , these have not been 
previously recorded With both drugs, the concentrations in tissues approximated to those 
in blood in magnitude and persistence Figures showing tissue distribution in the 
nephrectomized cat are given in the following section 

( 

TABLE n 

TISSUE CONCENTRATIONS OF SULPHADIMETHOXYPYRIMIDINE 

250 mg /kg orally in groups of 3 mice 


Concentrations in mg /1 00 g of wet tissue after 


Tissue 

30 mm 

2 hrs 



19 hrs 

31 hrs 

48 hrs 

72 hrs 

96 hrs 

Lung 

14 5 

16 9 

19 6 

17 6 

16 3 

101 

26 

38 

2 1 

Liver 

15 1 

13 6 

12 9 

15 0 

14 6 

40 

27 

25 

1 1 

Kidney 

14 1 

12 9 

12 2 

79 

89 

67 

27 

26 

05 

Spleen 


68 

95 

95 

10 8 

55 

1 6 

05 

06 

Fat 

1 

98 









The urinary excretion of the drug in the mouse has been examined in two groups of 
three animals Followmg the administration of 250 mg /kg orally, 46 and 32 per cent of 
the administered drug was excreted over three days in the two groups, and of these amounts 
39 and 44 per cent respectively were acetylated These results confirm the conclusion 
drawn from estimations of blood concentration after intraperitoncal injection, namely, that 
the drug is poorly absorbed in the mouse The observation that, although much more 
persistent than sulphamezathine or sulphamerazine, sulphadimethoxypynmidinc gives lower 
blood concentrations than either of these compounds, can be explained on the same basis 
Experiments to determine the extent of conjugation of the new drug m the blood stream 
of the mouse arc described below m the section dcalmg with acetylsulphadimethoxy- 
pyrimidinc 


TABLE m 

TISSUE CONCENTRATIONS OF SULPHAMEZATHINE 

250 mg /kg orally in groups of 3 mice 


Tissue 

Concentrations in mg /lOO g 

of w'et tissue after 

30 min 

2 hrs 

4 hrs 

7 hrs 

24 hrs 

Lung 

21 8 

17 1 

mam 

65 

23 

Liver 

18 0 

18 8 


3 1 

30 

Kidney 

19 9 

208 


13 2 

1 6 

Spleen 

14 8 

11 1 


42 

1 4 

Fat 

107 

66 

7 I 

53 

1 9 


III specter other than the mouse — ^Thc blood conccntrauon-time cun.es presented 
ha\c in each case been chosen as t>pica! from at least three available in the particular 
species The drug was given orally as a solution of the sodium salt m the following 
amounts dog, calf, sheep, 100 mg /kg , rabbit. 150 mg /kg . rat chick 200 mg /kg The 
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Fia 3 — ^Blood concentrations of sulphadimethoxypynmidme following 
the oral administration of 200 mg /kg to the rat (A) and chick (B) 
and of 150 mg /kg to the rabbit (Q 

resultant blood concentrations are given in Figs 3 and 4 In the rabbit, the urmary excre- 
tion of the drug has been measured, and the amounts appeanng as free amine and in 
conjugated form estimated (Table IV) Rabbit A, which received 150 mg /kg of the drug, 
excreted approximately 80 per cent m the urme, of which some 47 per cent was conjugated 



Hoon after dojlflj 


Fig 4 — Blood concentrations of suiphadimethoxypynraidinefollowjng 
the oral administration of 100 mg./kg to sheep (A), calf and 
dog(Q 
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TABLE IV 

EXCRETION OF FREE AND CONJUGATED SULPHADIMEraOXYPYRIMIDINE IN THE URINE OF 

TWO RABBETS 


Rabbit A (1 2 kg , dose 180 mg ) 


Rabbit B (2 17 kg , dose 217 mg ) 


Day 

Free drug 

Total drug 

Day 

Free drug 



mg 

%of 

dose 

mg 

%of 

dose 

mg 

%of 

dose 

mg 

%of 

dose 

1 

62 7 

34 8 

120 3 

66 8 

1 

35 5 

16 3 


621 

2 

57 

3 2 

13 8 

77 

2 

54 

25 

14 8 

68 

3 

58 

32 

64 

36 

3 

7 6 

3 5 

KM 

63 

4+5 

3 1 

1 7 

59 

3 3 

4 + 5 

22 

1 0 

im 

20 

Total 

77 3 

42 9 

146 4 

81 4 

Total 

50 7 

23 3 

167 7 

77 2 


The proportion of total drug excreted by rabbit B, which was given a smaller dose of 
100 mg /kg , was similar, but the percentage conjugated was much higher (70 per cent) 
Despite the high recovery, indicative of efficient absorption from the gastro-mtestinal tract, 
the maximum blood concentrations attamed in the rabbit were appreciably lower than those 
reached m the rat and mouse although a sinularly high degree of persistence was observed 
The expression C7, obtamed from Fig 3, had a value of 14 hours for the rabbit, as against 
17 hours for the rat and 16 5 hours for the mouse In the sheep, calf, and chick the drug 
was slowly absorbed but persisted well, particularly in the last two Absorption was poor 
in the dog and removal from the blood stream rapid {Cl— 2 hours) Conjugation m rabbit 
and sheep is described in the section dealing vnth acetylsulphadimethoxypyrimidme 

The tissue distnbution of the drug m nephrectomized cats has been estimated usmg 
the technique of Fisher, Troast, Waterhouse, and Shannon (1943) The results recorded m 
Table V are the means of three expenments and show the tissue /plasma ratio , they are 
compared with the figures obtamed by Fisher et al for sulphamerazme and sulphadiazine 


TABLE V 

DISTRIBUTION OF SULPHADIMETHOXYPYRIMIDINE IN THE BILATERALLY NEPHRECTOMIZED CAT 


Drug 

j 

Tissue/plasma concentration ratios 


Vol of distn- 
bution (as % of 
body weight) 



RBC 

Lung 

Liver 

Pancreas 

Muscle 

Sulphadimethoxy- 

pynmidme 

0 23 

ii 

11 

040 

0 68 

0 35 

0 24 

39 

Sidphamerazme* 

0 38 



0 56 

0 76 

0 47 

0 39 

45 8 

Sulphamezathme* 

031 

0 21 

U 

0 60 

0 63 

044 

0 45 

82 5 


*Data of Fisher eJ o/ (1943) 

It will be seen that sulphadimethoxypynmidme diffuses rather less mto most tissues 
than the other sulphapynmidines, and markedly less mto the red blood cells , this may 
possibly be connected with the high protem bindmg of the drug {vide infra) 

Antibacterial action in vitro 

Compansons of the antibactenal activities of sulphadimethoxypynmidme, sulpha- 
mezathme and sulphadiazme were made by the method of Harper and Cawston 
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(1945) The medium used was Wnght’s broth containing 10 per cent (v/v) of lysed horse 
blood Senal two-fold dilutions of the various sulphonamides m this medium were placed 
in 3 m in tubes in 0 5 ml amounts, and 05ml ofa02x lO"” dilubon m plam broth of 
a 24-hour culture of Streptococcus pyogenes Kruger stram, was added to each tube (This 
moculum gave a count of approximately 5x10* colonies per ml on blood-agar) The final 


TABLE VI 

COMPARATIVE ANTIBACTERIAL ACnviTIES RESULTS OF 48-HOUR PLATINO ON BLOOD-AGAR 

Orgamsm Streptococcus pyogenes 


Sulphonamide 

Concentration — one part m 

Control 

40,000 

80,000 

160,000 

320,000 

Sulpha dimethoxypynmidine 

— 



+ 

-f 


Sulphamezathme 

— 

± 

! + 

-1- 

-b 

Sulphadiazine 

— 


± 

-b 



medium thus contamed 5 per cent of lysed horse blood and the concentration of the 
sulphonamides ranged from 1 40,000 to 1 320,000 All tubes were mcubated at 37° C 

for 48 hours One loopful from each tube was removed and plated upon blood-agar 
The end-pomts were qmte sharp and were recorded as — (no growth), ± (partial growth), 
and + (growth equal to control) The results are shown m Table VI It will be seen that* 
sulphadimethoxypynmidme was intermediate m activity between the other two compounds 

Acute toxicity 

When a suspension of sulphadimethoxypynmidme was given orally to a group of 
6 mice at the rate of 10 g /kg none died The intravenous mjection of solutions of the 
sodium salts of sulphamezathine and of sulphadimethoxypynmidme gave the results shown 
m Table VII, which is a summary of two expenments All doses were contained m a 
volume of 0 2 ml , and each mjection took 1 mm to complete 

TABLE Vn 

THE TOXtCTTY OF SULPHAMEZATHINE AND SULPHADIMETHOXYPYRIMlDINE BY INTRAVENOUS 
INJECTION OF THEIR SODIUM SALTS 

Sixteen rmce in each group All rmce observed for 5 days 


Dose 

Sulphamezathme 

Sulphadimethoxy- 

pynmidine 

1 0 g/kg. 

16 died 

16 died 

0 9 „ „ 

16 ,. 

13 „ 

OS ,, ,, 

13 

12 

0 7 „ „ 

2 „ 

10 „ 

0 6 „ „ 

2 „ 

4 „ 

0 5 „ „ 

0 „ 

0 


Chronic toxicity 

Two separate expenments were earned out in which sulphadimethoxypynmidme was 
administered as an aqueous dispersion once a day to rats for 28 days, at the rate of 1 g 
per kg body weight per da> The total number of rats in the two expenments was 54 
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At the end of the penod of administration of the drug the average final body weight 
of the treated animals was 130 per cent of their initial weight (from 110 g to 143 g), whilst 
the corresponding figure for equal-sized groups of matched control rats was 150 per cent 
Thirteen of the treated animals died during the period of treatment, or were killed 
because they were losing weight and were obviously ill, usually about 14 days from the 
start of the expenment In several of these rats death was undoubtedly hastened by septic 
broncho-pneumonia brought on by maladministration of the doses of drug, but there were 
other deaths among rats whose lungs appeared normal In the majority of the latter death 
could be ascnbed to severe central necrosis of the liver lobules, sometimes affecting the 
whole lobule It should be noted that the livers of 36 of the rats showed no abnormalities 
Anaemia was very marked in many of the survivors, 5 of them giving readings of 29-46 per 
cent haemoglobin by the Sahh method The spleens of many of the animals showed evidence 
of increased destruction of red blood corpuscles 

Although damage to the kidneys had been expected on account of the low solubility 
of this compound, such damage was seen in only 7 of the 54 animals examined In only 
one of these was it severe, consisting of massive destruction of many convoluted tubules, 
amounting often to complete disintegration of the cell, with loss of nuclear staining and 
desquamation of the cells mto the lumen of the tubule 

Therapeutic activity 

Therapeutic expenments were earned out in mice infected with either Streptococcus 
pyogenes, Kruger strain (Group A), Streptococcus pneumoniae Type I, or Staphylococcus 
aureus The first two orgamsms were given intrapentoneally and the third intravenously 
All drugs were administered by mouth as aqueous solutions or dispersions, the desired dose 


TABLE Vm 

THERAPExme RESULTS IN GROUPS OF 12 MICE rNFECTED WITH Streptococcus pyogenes. 
Streptococcus pneumoniae OR Staphylococcus aureus 

Oral doses of 100 mg /kg twice daily for 3 days 



Streptococcus 

pyogenes 

Streptococcus 

pneumoniae 

1 

Staphylococcus 

aureus 

\ _ _ 

Drug 

No of 
deaths in 

7 days 

1 

Mean sur- 
vival time 
in days 
(max 7) 

No of 
deaths in 

7 days 

Mean sur- 
vival time 
in days 
(max 7) 

No of 
deaths in 
14 days 

Mean sur- 
vival time 
m days 
(max 14) 

None (controls) 

12 

08 

12 

08 

12 

1 6 

Sulphamlanude 

12 

1 0 

12 

1 2 

10 

50 

Sulphapyndine 

11 

1 7 

12 

28 

9 

6 1 

Sulphathiazole 

12 

1 0 

12 

2 1 

8 

72 

Sulphamezathine 

12 

23 1 

10 

3 6 

5 

94 

Sulphadiazine 

11 

3 8 ! 

12 

43 

4 

11 2 

• Sulphamerazme 
Sulphadimethoxy- 

12 

40 

— 

— 

— 

— 

pyrimidme 

11 

43 

8 

56 

5 

10 7 


Streptococcus pyogenes Infectmg dose 0 2 ml of a 1 10’ dilution of an 18-hour culture 
(freshly isolated from a mouse) in 5 percent (v/v) blood-broth, given intrapentoneally 
Streptococcus pneumoniae Infectmg dose 0 2 ml ofal 10’ dilution of an 18-hoiu cul- 
ture (freshly isolated from a mouse) in 5 per cent (v/v) blood-broth, given mtrapen- 
toneally 

Staphylococcus aureus Infecting dose 0J2 ml of a 1 2 dflution of a plam broth culture 
18 hours old, given intravenously 
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being contained in a volume of 0 5 ml The drugs were admimstered shortly before the 
mfecUon and further doses were given 7, 24, 31, 48, 55, 72, and 79 hours after the mfection 
The dose chosen for all the drugs in the first experiment (100 mg /kg) was selected because 
expenence had shown that, with streptococcal and pneumococcal infections, it permitted 
the vanous compounds to be ranged m order of activity on the basis of moan survival times 
Table VIII summarizes the results of these expenments 

Taking all the experiments together, it wiU be seen that the mcreasmg order 
of effectiveness of these compounds is approximately that m which they are 
arranged m the table 

In order to simulate more, closely the conditions under which these drugs are 
used in clmical practice, another experiment was earned out m which mfection 
of the mice preceded drug treatment by seven hours , m this experiment the mice 
were mfected mtrapentoneally with streptococci The results are shown m 
Table IX 

The results of this experiment range the drugs m substantially the same order 
as before In both expenments sulphadunethoxypynmidme compares very 
favourably with any of the other drugs 

TABLE, DC 

THERAPEUTIC RESULTS IN GROUPS OF 12 MICE INFECTED WITH Str^tOCOCCUS pyOgeneS 

Infected at 10 a m and treated at 5 p m of the same day with 500 mg dnig/kg No 

further doses given 


1 

Drug 

No of deaths m group 

Mean survival time m days 
(maxunum 7) 

None (controls) 

12 

08 

Sulphamlamide 

12 

08 

Sulphapyndine 

12 

1 5 

Sulphathi azole 

12 

1 0 

Sulphameza thine 

12 

1 5 

Sulphadiazme 

12 

23 

Sulphamerazme 

12 

25 

Sulphadimethoxypyrinudine 


28 


The infectmg dose was 0 2 ml of a 1 10* dilution of a culture of Streptococcus pyogenes 
prepared as m Table VUI 


Acetylsiilphadimethoxy pyrimidine 

Estimation and occurrence — ^As indicated above, sulphadimethoxypyrimidine appeared 
m a conjugated form m the unne of experimental ammals Since hydrolysis gave a diazotiz* 
able attune, the conjugated product was assumed to be the acetyl derivative and all 
esUmations were made against this compound as standard The method of Rose and Sevan 
(1944) proted satisfactory for the esUmaUon of acetylsulphadimethoxypynmidme in unne, 
but it jielded low recovenes when known amounts of the compound were added to blood 
and tissue homogenisates Vanable recovenes of the order of 60 per cent were obtained 
from human blood and 30 per cent or less from mouse tissues The recovery from blood 
was increased to 70 per cent by hydrolysis of the conjugated drug in whole blood before 
the prccipitauon of proteins This could not be regarded as satisfactory, and further work 
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showed that adequate recoveries were obtained from blood and tissue by diluting to 1 150 

before precipitatmg protem A suitable aliquot was then taken, hydrolysed with dilute 
hydrochlonc acid, diazotized and coupled with N-jS-sulphatoethyl-ni-toluidine A coupling 
time of 30 nun was required , this is greater than that of the parent compound ahd probably 
mdicates breakdown of the pynmidme rmg (cf Fnsk, 1943) 

Estimations of free and total drug in the blood of mice receivmg 250 mg of sulpha- 
dimethoxypynmidine/kg orally, mdicated the presence of traces only of conjugated amine 
In the rabbit, on the other hand, high concentrations of conjugated drug were reached 
(Fig 5) Similar results were obtained m the sheep, it bemg clear m both species that the 
acetyl derivative is similar in persistence to the free drug 



Fig 5 — ^Blood concentrations of free (A), total (B), and coqjugated 
(C, by difference) sulphadunethoxypynmidme m the rabbit 
foUowmg the oral administration of 250 mg /kg orally 


The administration of acetylsulphadimethoxypynmidme was exammed m the mouse 
Four groups of three mice received 250 mg /kg orally as a 1 per cent solution of the sodium 
salt. The mean blood concentration-time curves of free and total drug are shown m Fig 6 
That the observed hydrolysis of the acetyl derivative proceeds systemicaUy and not m the 
lumen of the gut was readily shown by admuustenng it mtrapentoneally, when curves very 
similar to those of Fig 6 were obtamed This facile hydrolysis of acetylsulphadimethoxy- 
pyrimidine undoubtedly accounts for its high activity, observed m the therapeutic expen- 
ments descnbed below In experiments with acetylsulphanilamide we found only traces of 
free drug m the blood following its admmistrabon m doses of 250 mg /kg , a result m 
agreement with its mactivity in therapeutic tests 

Therapeutic activity — Only activity agamst Streptococcus pyogenes in mice has been 
examined m this mstance, the infecting inoculum bemg similar to that used m the expen- 
ments recorded m Table VUI The dosage regime was shghtly altered m that amounts 
of 250 mg /kg mouse (as agamst 100 mg /kg mouse of the free amme) were given twice 
daily for three days, begmnmg shortly before mfection Acetyl derivatives of other sulphon- 
amidc drugs were included for comparison Two senes of experiments were made m one 
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Fig 6 — Blood concentrations of free (A) and total (B) sulphadimethoxy- 
pynmidine following the oral administration m mice of 250 mg of 
the acetyl denvative/kg 


the drugs were administered by mouth, and in the other mtrapentoneally The average 
survival Umes are mdicated in Table X Groups of 6 mice only were employed m each 
expenmenL ' 

Smee the order of relative effectiveness of the acetyl denvatives is the same by both 
routes of admmistration, it appears that m all cases they are largely absorbed as such, and 


•> TABLE X 

THERAPEUTIC RESULTS OBTAINED IN GROUPS OF 6 MICE rNFECTED WITH Streptococcus pyogeues 

250 mg /kg twice daily for 3 days 


Drug 

Oral 

Intraperitoneal 

No of deaths 
in 7 days 

Mean survival 
time (max 7) 

No of deaths 
m 7 days 

Mean survival 
time (max 7) 

None (controls) 

6 

08 

6 

08 

Acetylsulphanilarmde 

6 

09 

6 

08 

Acetylsulphapyndine 

6 

09 

6 

08 

Acetylsulphadiazine 

6 

1 1 

6 

1 0 

Acctylsulphathi azole 

4 

3 2 

6 

23 

Ace tylsulphameza thine 

6 

1 5 

6 

1 0 

Acetylsulphamerazme 

6 

08 

— 

— 

Acetylsulphadimethoxy- 





pynmidme 

6 

50 

4 

50 


The infecting dose was 0^ ml of a 1 10* diluUon of a broth culture of Streptococcus pyogenes 
prepared as m Table VUI 
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absorption is not preceded by extensive hydrolysis to the free amines in the gastro-mtestmal 
tract This accords with the view expressed above in the case of acetylsulphadimethoxy- 
pynmidine following direct estimation of blood concentrations of the free amine 


Physico-chemical properties 

Solubility — The solubility determinations were made in water at 37" C by thfe method 
of Rose, Martm, and Bevan (1943), increasing pH by the addition of sodium hydroxide 


solution The concentration of 
drug m a sample withdrawn 
through a filter plug into a 
pipette was determmed colori- 
metncally With the acetyl 
denvative, de-acetylabon was 
necessary before the colori- 
metric estimation, which de- 
pended upon a diazo reac- 
tion, could be made The solu- 
bility curves so obtamed are 
shown in Fig 7 In the pH 
range 6 0-7 0, the solubility of 
the free amme closely re- 
sembles that of sulphadiazme 
(Rose, Martin, and Bevan, 
1943) , thereafter the curve 
nses more steeply Acetyl- 
sulphadunethoxypynmidme dif- 
fers from acetylsulphadiazine, 
however, in that it is less 
soluble than the parent amine 
in the pH range 6 0-7 3, but 
above the latter limit the acetyl 
denvative exhibits the greater 
solubility 

The acid dissociation con- 
stant — The acid dissociation 
constant has been measured by 
potentiometnc titration of the 
saturated aqueous solution and 



pH 


Fig 7 — Solubility in water of sulphadimethoxy- 
pynmidine (A) and of the acetyl derivative (B) 


TABLE XI 


PROTEIN BINDING OF SULPHADIMETHOXYPYRIMIDINE 


Plasma or serum 

Percentage of drug bound to protein 

Ultrafiltration 

Dialysis 

Rat plasma 

85 

82 

Rat serum 

87 { 

80 

Human plasma 


80 

Mouse plasma 

— 

78 

Cat plasma 

79 

— 

Sheep serum 

63 

— 

Rabbit serum 

71 5 

— 

Horse serum 

63 

— 
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the pKa value found to be 7 00 A solvent partition method gave the value 7 02 The 
pKa values for other sulphanilamide denvahvcs of pymrudme are known — e g , sulpha- 
diazine 6 48 , sulphamerazme 7 06 , sulphamezathinc 7 37 (Bell and Robhn, 1942) 

Protein binding — The association of the drug with blood proteins has been estimated 
by the equihbnum dialysis method of Davis (1943) and by ultrafiltration through collodion 
Tabic XI shows the results obtamed with various spiecies 

It appears that sulphadimcthoxypyrimidme is among the more highly bound sulphon- 
amides, though a precise companson is not possible, owmg to the wide vanation in values 
quoted for other drugs m the literature The results are of the same order as the figure 
of 78 per cent quoted by van Dyke et al (1945) for the same compound 


Summary and Conclusions 

1 The properties of 2-p-ainmobenzenesulphonamido-4 6-dimethoxypynmi- 
dine (sulphadimethoxypynmidme) are descnbed, and include water solubihty 
data for the free amine and the acetyl derivative over a range of pH 

2 The drug is relatively non-toxic m mice and rats, rather more slowly 
absorbed than sulphadia 2 me, sulphamerazme, or sulphamezathme when given 
orally to mice, but markedly more persistent m the blood-stream than these three 
drugs Absorption data are given for other expenmental animals 

3 A high percentage of the absorbed drug is excreted by the mouse m con- 
jugated form , but feedmg the acetyl denvative (or mjectmg mtrapentoneaUy) 
gives nse, after a few hours, to a concentration of the free amme m the blood 
almost equal to that attained by imtial administration m the latter form 

4 The antibacterial activity in vitro of the drug agamst Streptococcus 
pyogenes is intermediate between that of sulphamezathme and sulphadiazme, 
but therapeutic activity agamst this organism m the mouse is, m general, at least 
equal to or slightly better than that shown by any of the other sulphapyrimidine 
denvatives, m conformity with the high persistence of the drug 

5 Acetylsulphadunethoxypyrumdme given orally or mtrapentoneaUy to 
infected mice exerts an appreciable therapeutic effect, greater than that shown 
by the acetyl derivatives of the several other heterocyche sulphonamides exammed 
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2-P-AMINOBENZENESULPHONAMIDO-4 • 6- 
DIMETHOXYPYRIMIDINE 
ABSORPTION AND EXCRETION IN MAN 

BY 

H G L BEVAN 

WITH NOTES ON A CLINICAL TRIAL IN PNEUMONIA 

BY 

R W LUXTON 

From the Critmpsall Hospital, Manchester 

- (Received January I 1947) 

The work of Gage, Martin, Rose, Spinks, and Tuey (1947) showed that a 
new sulphonamide, 2-p-ammobenzenesulphonatnido-4 6-dmiethoxypynniidme 
or sulphadunethoxypynmidme, had an unusual persistence when administered 
orally to animals This fact, m conjunction with the observation that the anti- 
bactenal action m vitro and m vivo was of the same order as that of sulpha- 
diazme, suggested that the compound merited a clmical trial, which was earned 
out m the medical wards of Crumpsall Hospital, Manchester It was hoped that 
a sulphonamide which persisted m the blood for longer periods than other 
sulphonamides might be effective m the treatment of pneumonia in a smgle dose, 
or at most m doses once or twice daily 

Methods 

Sulphadimethoxypynmidine was first administered to essentially normal patients, mostly 
convalescmg from surgical and skm conditions, m doses ranging from 0 5 to 5 g These 
patients were, at the time of testing, m fairly good general health and had no febnie condi- 
tion , except m one patient (receivmg 0 5 g ) renal function was normal Blood concentra- 
tions and recovenes m the urine are illustrated m the Table and Fig 1 Two patients only 
were used for each dose level The drug was also administered to a senes of 80 patients, 
mostly suffermg from pneumonia One or two of these patients had other conditions 
normally requinng sulphonamide therapy The results for 30 of these patients are shown 
in Figs 2, 3, and 4 , those obtamed from the rest of the patients were similar although 
several patients had not received the full course before they were transferred to other treat- 
ments, pemcillm or sulphamezathine, on chnical grounds 

Blood and urine sulphonamide estimations were made by the method of Rose and 
Bevan (1944) Twenty-four-hour collections of imne were made without preservative For 
the blood urea, protein, phosphatase, and bilirubin estimations the methods of Kmg (1946), 
slightly modified, were used 


164 


H G L BEVAN AND R W LUXTON 


Results 

Normal subjects showed a steady mcrease in maximum blood concentration 
and persistence with increasing dosage (Table, Fig 1 ) The maximum was 



Days after dosing 

Fig 1 — Blood concentrations of sulphadimethoxypynmidine following the 
administraUon of single doses to normal subjects 

TABLE 

NORMAL PATIENTS MEAN BLOOD CONCENTRATIONS AND URINE RECOVERIES WITH SINGLE 
DOSES OF SULPHADIMETHOXYPYRIMIDINE 


All readings are means for two patients (5 0 g dose, one patient only) 


Dose 

g 

Mean blood concentrations of free and, m parentheses, conjugated 
drug m mg /lOO ml 

Total unne 
recoveries of 
free and, in 
parentheses, 
conjugated 
drug 

1 

hr 

2 

hrs 

3 

hrs 

6 

hrs 

12 

hrs 

24 

hrs 

2 

days 

3 

days 

4 

days 

5 

days 

mg 

Per 
cent 
of dose 

05 

1 25 

2 05 

2 45 

1 7 

1 75 

1 2 

Trace 




74 

14 8 


(0 1) 

(0 05) 

(0 2) 

(0 05) 

(1 25) 

(0 55) 

(0 85) 




(IS) 

(3 6) 

1 0 

1 4 

2 15 

2 65 

2 65 

3 1 

30 

26 

Trace 



218 

21 8 


(0 1) 

(0 15) 

(0 05) 

(0 25) 

(0 2) 

(0) 

(0 4) 

(I 6) 



(46) 

(5 3) 

1 5 

04 

1 85 

3 5 

4 2 

5 65 

5 05 

42 

29 

2 05 

1 9 

500 

33 3 


(0) 

(1 05) 

(1 0) 

(0 95) 

(0 7) 

(0 85) 

(0 7) 

(0 2) 

(0 35) 

(0) 

(77) 

(4 4) 

20 

1 85 

3 15 

42 

5 85 

5 2 

44 

1 9 

1 2 

0 


KM 

31 8 


(0) 

(0) 

(0) 

(0 5) 

(0 6) 

(0 35) 

(0 2) 

(0 25) 

(Trace) 


(252) 

(12 6) 

40 

1 15 

4 05 

60 

8 75 

10 05 

8 45 

67 

4 55 

3 65 

2 85 

835 

30 6 



(0 1) 

(0 25) 

(0 65) 

(0 45) 

(0 6) 

(0 4) 

(0 45) 

(0 25) 

(0 2) 

(241) 

(6 0) 

50 

Riil 

50 

69 

7 1 

88 

87 

5 8 

47 

30 

1 1 

1202 

24 0 



(0) 

(0 3) 

(0 1) 

(0 2) 

(0 3) 

(0) 

(0) 

(0) 

(0 5) 

(415) 

(8 3) 
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Fig 2 — Blood concentrations of sulphadimethoxypyrunidme following the 
administration of a single dose of 5 g to pneumonia patients 



Fig 3 — Blood concentrations of sulphadimethoxypynmidine following 
the admimstration of an mitial dose of 5 g , and then 3 g , daily to 
pneumonia patients 
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attained at three hours after a dose of 0 5 g , but with higher dosage the 
maximum was at 12 hours After a sm^e dose of 4 g a blood concentration of 
10 05 mg /lOO ml was attamed after 12 hours and 2 85 mg /lOO ml persisted 
five days after the dose , a similar dose of sulphamezathme gave a maximum 
of 13 2 mg / 1 00 ml , falhng to traces withm 24 hours For patients suffermg 
from pneumoma a smgle dose of sulphadimethoxypyrimidme gave on the average 
lower maxima and less well sustamed blood concentrations (Fig 2) The 
average maximum attamed after 5 g was 8 86 mg / 1 00 ml, and only traces 
were detected m the blood after four days, although 2 mg /lOO ml were still 
present after three days 

In patients treated with 5 g followed by 3 g every 24 hours, blood concen- 
trations were usually well mamtamed (Fig 3) In a few cases, however, the drug 
concentration did not reach a level of 8 mg / 1 00 ml , a concentration usually 
regarded as effective chemotherapeutically Patients with a low concentration 
of free drug usually showed a high percentage of acetylation, a frequent findmg 
with other sulphonamides 

Smce clmical results were not completely satisfactory it was decided to try 
a dose of 5 g followed by 3 g every 12 hours (Fig 4) This dosage gave 



Fig 4 — Blood concentrations of sulphadimethoxypynmidine followng the 
administration of an initial dose of 5 g., and then 3 g , at twelve-hourly 
intervals, to pneumonia patients 




SULPHADIMETHOXYPYRIMIDINE IN MAN 


167 


slightly higher blood concentrations All patients (except one who had only 
three doses) attained blood concentrations of over 8 mg / 100 ml In nearly 
aU pneumoma patients receivmg the drug, whether as smgle or repeated doses, 
free sulphadimethoxypynmidine was still present m appreciable quantities three 
days after the last dose In one patient with staphylococcal pneumonia and 
considerable renal damage (blood urea 100 to 150 mg /lOO ml), sulphonamide 
was still present m measurable quantities 16 days after the last dose, though 
the blood urea had fallen slightly 

Samples of cerebrospmal fluid were obtamed from two patients and contamed 
sulphadimethoxypyrimidme concentrations, m one case of 58 per cent, and m the 
other of 31 per cent, of the simultaneous blood concentration 

The blood concentration of sulphadimethoxypyrimidme reached a slightly 
lower maximum than did sulphamezathme after similar doses, but this maximum 
was attamed later and high blood concentrations persisted for a very much 
longer period There was a tendency for the concentrations reached m the 
controls to be higher than those attamed with similar doses of the drug m febrile 
patients Persistence of the blood concentrations after the last dose was 
definitely less m the febrile patients 

The recovery of the drug m the urme was comparatively low The average 
recovery was 32 9 per cent, 26 6 per cent bemg free and 6 6 per cent conjugated 
m the normal patients, as compared with 86 2 per cent for sulphamezathme 
(Clark et al , 1943), 68 per cent for sulphadiazme (Remhold et ol , 1941), and 
57 3 per cent for sulphapyndme (Long and Femstone, 1938) The percentage 
of the drug recovered as acetyl compound, both from blood and urine, was low 
These results must m part be mterpreted m the light of the results of Gage et al 
(1947) who record only partial recovery of the drug after acid hydrolysis 

Crystals of the drug were seen m mgny of the urines passed, but no renal 
symptoms were observed directly referable to the presence of the crystals In 
two patients with severe renal damage this damage could not be defimtely 
assigned to the effect of sulphadimethoxypyrimidme The crystals took the 
form of St Andrew’s crosses and were shown chemically to be free sulpha- 
dimethoxypyrimidme When compared with the needle-shaped crystals often 
observed m the urine of patients receivmg other sulphonamides, sulpha- 
dimethoxypynmidine would not be expected to cause such extensive mechanical 
mjury to the renal structures Confirmatory evidence was provided by estimation 
of blood urea m 34 patients The blood urea was usually about 40 mg / 1 00 ml 
on admission and m most cases tended to faU as the pneumonic condition 
improved In no case was there a sigmficant rise except m one woman dymg 
within 48 hours of admission who was shown at autopsy to have severe chronic 
nephritis 

In chronic toxicity tests by Gage et al (1947) large doses of sulphadimethoxy- 
pyrunidme in rats gave rise to severe central necrosis of the liver lobules, and it 
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was thought advisable to perform some hver function tests Estimations of 
serum bilirubm, protem, and phosphatase were therefore made on rune patients 
There was no change m the concentrations of these substances such as would 
mdicate hver damage It is realized that this senes of tests would only show 
gross hver damage, and that mmor impairment of function might pass unnoticed 


Summary 

1 Sulphadimethoxypyrumdme m man persists m the blood stream longer 
than do the other co mm on sulphonamides after sunilar doses 

2 Acetylation of the drug is shght 

3 Smgle daily doses of sulphadimethoxypynmidme will give blood concea- 
trations of an order considered adequate for therapy m pneumonia 


Clinical Trial 

Sulphadimethoxypyrimidme was given to 41 patients with pneumococcal lobar 
pneumonia, whose ages vaned between 16 and 78 years 

An mitial dose of 3 to 5 g , followed at mtervals of 24 hours by two doses 
of 2 g, was found to give a blood level of 5-13 mg per 100 ml which was 
mamtamed for 40 to 60 hours Eighteen patients were treated m this way 
Nme patients were given an mitial dose of 5 g , followed by 3 g at intervals 
of 24 hours for four doses, a blood concentration of 5 to 14 mg per 100 ml bemg 
mamtamed for about 120 hours 

In thirteen patients an mitial dose of 5 g was followed at 12-hour intervals 
by two doses of 3 g and then by 2 g doses for several days, mamtammg blood 
concentrations between 7-16 mg per 100 ml for four to six days This method 
proved the best for mamtammg adequate blood levels 

The drug was well tolerated and showed quite definite therapeutic value, 
but was not so effective as other sulphonamides used m senes of similar cases 
(Don et al , 1940 , Macartney et al , 1942 , Ramsay et al , 1945) 
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A^f^ ASSESSMENT OF THE VALUE OF SUGGESTED 
THERAPIES FOR LEUCOPENIA 

^ BY 

H CULLUMBINE 

From the Chemical Defence Experimental Station, Porton, Wilts 

*VRccdv«<l Janaary 20, 1947) 

The subcutaneous mjection of methyl-bisG0-chloroethyl)amuie (a nitrogen 
mustard) mto rabbits consistently produces a leucopema, and the degree of 
this leucopema is readily vaned by vanation m the dosage of methyl-bis(/?- 
chloroethyl)amme This phenomenon has been used as a method of assessment 
of the value of three suggested therapies for leucopema The therapies tested were 

(i) Twenty-five per cent p-chloroxylenol m methylacetamide (CXM), which 
Zondek and Bromberg (1943) claim produces a leucocytosis lastmg about four 
days m normal human subjects In patients with typhoid fever the white cell 
count was mamtamed at a normal level by mtramuscular mjections of CXM, 
the count falhng within 36 hours of discontmumg the mjection 

(n) The leucocytosis promotmg factor (LPF) of Menkm and Kadish (1943) 
The latter state that 100 mg of this preparation m sahne or phosphate buffer at 
pH 7 4 when given to animals either by cardiac puncture or by subcutaneous 
mjection causes leucocytosis 

(m) 1 g /lOO cc aqueous sodium succmate, 01 cc of which, when mjected 
subcutaneously mto normal subjects or phthisic patients, is said to raise the white 
cell count (Hammett, Vessler, and Brownmg, 1917) 

Method of Assay 

The leucopema was produced by the subcutaneous mjection of methyl-bis(/S-chloroethyl)- 
amine hydrochlonde solutions (I mg fee) Rabbits (circa 2 kg ) and occasionally goats 
(area 30 kg ) were used as the test animals The therapies under test were given at vanous 
inter\'als after the raethyl-bis09-chloroethyl)amme hydrochlonde mjections, the efficacy of 
the therapies bemg judged by daily white cell counts performed between 10 ajn and noon 
and before feedmg 

Results 

(i) CXM — ^This was given by mtramuscular injection Zondek and 
Bromberg’s dosage for man (le, two doses of 10 cc the first day and 10 cc 
daily for the next three days) was given to goats In normal goats only a shght 
rise m the white cell count was produced, while m methyl-bis(/?-chloroethyl)amme 
hydrochlonde-poisoned animals leucopema was not prevented and the mortahty 
was actually doubled (Table I) 

A similar picture was obtamed with rabbits In normal rabbits a slight 
leucocytosis was produced with small doses, but raismg the dosage caused aU 
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TABLE I 

EFFECT OF INTRAMUSCULAR CXM ON THE WHITE BLOOD CELL COUNTS OF GOATS 


Number 

of 

animals 

Dosage 

nitrogen 

mustard 

1 

Therapy dosage 

Average white cell counts 
in thousands/cu mm on days 


Z-1 

Z 

1 

2 

3 

B 


8 


20 c c day Z 

10 c c days 2 and 3 

70 

70 

96 

10 4 

10 1 

87 

■ 

4 

1 mg /kg 
day Z 

— 

99 

11 0 

100 

3 0* 

■ 

■ 

Q 

4 

1 mg /kg 
day Z 

20 c c day 1 

10 c c days 3 and 4 

■ 

110 

■ 

7 8* 

B 


1 


* - one animal dead 


the rabbits to die With methyl-bis(i8-chloroethyl)amme-poisoned rabbits 
leucopenia was not prevented and the mortality was increased (Table IT) 


TABLE n 

EFFECT OF INTRAMUSCULAR CXM ON THE WHITE BLOOD CELL COUNTS OF RABBITS 


0 


Number 

of 

anunals 

Dosage 

nitrogen 

mustard 

\ 

Therapy dosage 

Average white cell counts 
in thousands/cu mm on days 

Z-1 

1 

L ^ 

1 

2 


IB 


6 

8 

4 

. 

0 5 c c /kg day Z 

92 



12 2 




n 

m 



1 c c /kg day 1 





M 





3 

— 

5 0 c c /kg day Z 

79 



6 2* 


■ 

B 

B 

B 

4 

1 mg /kg 

1 c c /kg day 1 

■ 

84 

67 

6 2* 

1 2 

2 4* 

29 

74 



day Z 

0 5 c c /kg day 2 










5 

1 mg /kg 

5 c c /kg day 1 



8 1 

■rl« 

*** 






day Z 


mm 

Hi 



** 





5 

1 mg /kg 

2 c c /kg day 1 



mmm 

68 

65 

4 4** 

3 1 

3 6** 



day Z 

1 c c /kg day 2 



HI 







5 

1 mg /kg 

1 c c /kg days 1 


70 


64 

58 

49 

34 

3 4* 

3 8 


day Z 

and 2 

m 


m 







10 

1 mg /kg 

. - 

10 4 

11 5 

93 

7 7* 

63 

54 

48 

83 

92 


day Z 










- 


* - one animal dead 


(ii) LPF — ^This was prepared from the inflammatory pleural exudates (pro- 
duced by injection of turpentme) of rabbits and goats (LPF(R) and LPF(G)) 
When mjected subcutaneously mto normal rabbits or goats there was some evi- 
dence of the production of a shght leucocytosis, but with methyl-bis03-chloro- 
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ethyl)amme hydrochlonde-poisoned animals the leucopema was not prevented 
and the death-rate was actually mcreased (Table HI) 

TABLE m 


EFFECT OF LPF ON THE WHITE BLOOD CELL COLTNTS OF GOATS AND RABBITS 


Number 

of 

animals 

Dosage 

nitrogen 

mustard 

Therapy and 
dosage 

Average white cell counts 

I m thousands/cu mm on days 

Z-1 

z 

1 

1 

- 1 

2 

3 

D 

5 

6 

7 

(a) RABBI 

TS 



i 

1 







5 

— 

100 mg LPF(R)day 

10 5 

11 0 

11 0 

96 

10 0 

104 ; 


1 

1 




Z and 10 mg day 1 










4 


100 mg LPF(G) day 
Z 

70 

1 

1 

68 

9 1 

11 3 

1 

1 

89 

1 

1 

13 2 

14 9 

11 6 

i 

12 3 

5 

1 mg /kg 

100 mg LPF(R)day 

iQ 

97 

96 

48 

4 6* 

8 4** 

82 

10 9 

10 0 

1 

day Z 

1 






1 




3 

1 mg /kg 

100 mg LPF(R) day 


8 1 

87 

59 

1 2 

1 3 

5 0** 

10 2 



day Z 

1 and 2 

■H 






i 



5 

1 mg /kg 

100 mg LPF(G) day 


10 2 

96 

89 

9 2** 

98 

13 0*j 

98 

86 


day Z 

1 

■1 









4 

1 mg /kg 

100 mg LPF(G)day] 


75 

70 

39 

1 0* 

05 

1 2 

5 3 


1 

dayZ ^ 

1 and 2 

■ 




! 



i 


10 

1 mg /kg 

. 

10 4 

11 5 

93 

7 7*1 

63 

D 

48 

83 

92 


day Z 











(b) GOAT 

s 











2 

— 

300 mg LPF(G)day 

73 

56 

12 9 

11 5 

10 8 

90 






Z and 1 










6 

1 mg /kg 

300 mg LPF(G) day 

8 1 

79 

14 9 

99 







day Z 

1 and 2 





B 

H' 


m 


4 

1 mg /kg 

- - 

99 

11 0 






25 

6 1 


day Z 

1 

1 




■ 

H 


f 



* one animal dead 


(ui) Sodium succinate — ^Vanous quantities and concentrations of sodium 
succmate m aqueous solution were m]ected subcutaneously into normal rabbits 

TABLE IV 

EFFECT OF SODIUM SUCCINATE ON THE WHITE BLOOD CELL COUNTS OF NORMAL RABBITS 


Number 

of 

animals 

1 

Therapy 

dosage 



Avera 

thous 

ige wh 
ands/( 

ite cell coun 
m mm on ( 

ts in 
lays 



Z-1 

Z 

1 

2 

3 

4 

5 

6 

7 

5 1 

0 I c c 1% solution day Z 

8 6 

89 

10 9 

11 9 

12 0 

93 

92 



5 

0 5 c c 1% solution day Z 

92 

96 

11 9 

13 1 

121 

9 5 

92 



5 

1 c c 1% solution day Z 

98 

. 8 1 

11 1 

11 9 

12 0 

13 1 

92 



5 

1 c c 1% day Z , twice daily. 

9 1 

98 

11 8 

14 2 

20 8 

10 8 

14 2 

15 0 

98 


days 1, 2, 3 










5 

1 c c 10% solution day Z 


15 5 

14 3 

12 4 

12 2 

13 4 

89 

11 9 

13 6 
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and there was definite evidence of the production of a leucocytosis, a 1 g / lOO c c 
solution bemg better than a lOg/lOOcc concentration (Table IV) However, 
the sodium succmate solutions did not prevent the occurrence of leucopenia in 
methyl-bis09-chloroethyl)amme hydrochlonde-poisoned annuals (Table V) 

TABLE V 


effect of sodium succinate on the white blood cell' counts of 
NITROGEN MUSTARD POISONED RABBITS 


Number 

of 

animals 

Dosage 

nitrogen 

mustard 

Therapy 

dosage 


Average white tell counts 
m thousands/cu mm on days 

Z-1 

Z 

1 

2 

ra 

B 

5 

6 

7 

10 

1 mg /kg 



10 4 

11 5 

9 3 

7 7* 

63 

D 

48 

8 3 

92 


day Z 





- 


m 




15 

1 mg /kg 

1 c c 1% day 1 

96 


11 4 

10 2 

57 



10 5 



day Z 



■M 








5 

1 mg /kg 

1 c c 1% at 

— 

iHa 


10 2 

69 

66 

12 7 

— 

— 


day Z 

Z + 6 hours 


liil 





1 




1 mg /kg 

0 5 c c 1% day 1 

96 

iRn 


11 5 

InEB 

11 3 

11 8 

12 0 

10 6 


day Z 






t 





5 

Img/kg 

1 c c 10% day 1 

87 


45 

42 

57 

3 3** 

— 

— 

— 


day Z 











10 

2 mg /kg 

- 

10 5 

14 0 

12 5* 



39 

EOS 

11 5 

15 3 


day Z 











5 

2 mg /kg 

1 c c 1% days 1, 2, 

13 2 

13 6 

14 9 

16 7 

lai 

10 4 

16 8 

12 9 



dayZ 

3 and 4 











2 mg /kg 

1 c c 1% days 1-6 

95 

12 7 

8 9* 

69 

5 1 


13 4* 

11 9 

79 


day Z 







H|D 




5 

2 mg /kg 

5 c c 10% day 1 

84 

101 

88 

38 

04 






f day Z 







H|H 

m 



5 

2mg./kg 

1 c c 1% at 

92 

84 

14 5 

42 

0 9* 


■ 




day Z 

Z + 6 hours 







■ 




* — one anunai dead 


Summary 

When assayed on rabbits or goats poisoned with methyl-bisOS-chloroethyl)- 
amine hydrochlonde (given by subcutaneous injection), the following substances 
were meffective m preventmg leucopenia 

1 p-chloroxylenol m methylacetamide — this preparation, mdeed, was found 
to be toxic m the recommended dosage 

2 The leucocytosis-promotmg factor of Menkm 

3 An aqueous solution of sodium succmate 


I am indebted to the Chief Scientific Officer, Mmistry of Supply, for permission to 
pubhsh this paper 

References 

HammetL F S, Vessler, E E, and Browning, C C (1917) J Amer med Ass 69, 31 
MenLin, V , and Kadish, M A (1943) Amer J med Sa , 205, 852 
Zondek, B , and Bromberg, Y M (1943) Amer J med Sci 205, 82 

















































Bnt 3 Pharmacol (1947), 2, 173 


SELECTIVE INHIBITION OF 
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The mhibition of cholinesterase by fluorophosphonates was discovered in 
1941 by Adrian, Feldberg, and Kilby (1947), when they exammed dimethyl 
fluorophosphonate In 1941 McCombie and Sannders prepared diisopropyl 
fluorophosphonate and Adrian et al (1942), as well as Mackworth (1942) 
found that it had an even stronger mhibitory action on cholinesterase 
than the dimethyl ester At that time it was not known that there were two 
en 2 ymes^ true cholmesterase and pseudo-cholmesterase (Mendel and Rudney, 
1943a), which are not necessarily afEected similarly by inhibitors (Mendel and 
Rudney, 1944 , Hawkms and Gunter, 1946) In the experiments to be reported 
m this paper if will be shown that diisopropyl fluorophosphonate, unlike eserme 
or prostigmme (Hawkms and Mendel, 1946, and unpubhshed experiments), 
exhibits a much stronger inhibitory action on pseudo-cholmesterase than on true 
cholmesterase With low concentrations of diisopropyl fluorophosphonate it is 
therefore possible to mhibit pseudo-cholmesterase selectively without affecting 
true cholmesterase 

The possibility of such selective mhibition of pseudo-chohnesterase by 
diisopropyl fluorophosphonate was suggested by the followmg two observations 

(1) Bodansky (1945) as well as Mazur and Bodansky (1946) found that on 
exposure of human bemgs to low concentrations of the vapour of diisopropyl 
fluorophosphonate almost complete inhibition of cholmesterase activity m the 
plasma could be obtamed without causmg senous distress It should be borne 
m mind, however, that human plasma contams predommantly pseudo-cholm- 
esterase (Mendel, Mundell, and Rudney, 1943) and that the inhibition of this 
enzyme, as shown by Hawkms and Gunter (1946), will not mterfere with the 
destruction of acetylcholme released by nervous activity These workers found 
that certam concentrations of a prostigmme analogue, the dimethylcarbamate 
of 2-hydrgxy-5-phenyl-benzyltnmethylammomum bromide (Hoffman-LaRoche 
Nu-683), are capable of mhibitmg completely the activity of pseudo-cholmesterase 
in vitro without affectmg significantly that of true cholmesterase This 
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compound, when mjected into dogs m amounts sufficient to inhibit pseudo-cholm- 
esterase almost completely, ehcits no ■symptoms mdicative of the accumulation 
of acetylchohne . such symptoms appear only if the dose mjected is sufficiently 
large to depress the activity of the true chohnesterase as well Pseudo-cholin- 
esterase. therefore, plays no essential role in the hydrolysis of acetylchohne in 

VIVO 

(2) Bodansky and Mazur (1946) and Mazur and Bodansky (1946) found that 
the concentration of diwopropyl fluorophosphonate necessary for the inhibition 
of cholmesterase vaned accordmg to the enzyme preparations used , the negative 
logarithm of the molar concentration of diuopropyl fluorophosphonate neces- 
sary to produce a 50 per cent inhibition of the activity towards acetylcholine 
(1 5 X 10 ^M) was 7 7 and 8 1 for human and horse serum respectively, the corre- 
sponding value for rabbit serum was 4 1, and the values for red blood cells and 
bram varied between 5 2 and 6 0 Smce the sera of man and the horse contam 
predommantly pseudo-cholmesterase (Mendel, Mundell, and Rudney, 1943), 
rabbit serum mainly true cholmesterase (Mendel and Rudney, 1945), and bram 
and red blood cells throughout the animal kmgdom true cholmesterase only 
(Mendel and Rudney, 1943a, 1943b), the results obtamed by Mazur and Bodansky 
can be mterpreted as mdicatmg that pseudo-chohnesterase is approximately 100 
times more sensitive to the inhibitory action of diuopropyl fluorophosphonate 
than IS true cholmesterase 


Methods 

Cholinesterase activity was measured manometncally by Warburg’s method at 37° C 
m 2 5xlO-’M NaHCO, saturated 'with 5 per cent CO, in N, The diuopropyl fluoro- 
phosphonate was added to the bicarbonate medium contaming the enzyme preparation in 
the mam compartment of the Warburg flask, the substrate bemg placed in the side arm 
After the enzyme preparation had been shaken for 15 min to attain temperature equilibnum 
the substrate was tipped into the mam compartment From a stock solution, freshly pre- 
pared every third day, of di/sopropyl fluorophosphonate (ICPAf) in propylene glycol, greater 
dilutions were made with distilled water as required TTic final concentration of propylene 
glycol present m the experimental vessels caused by itself no mhibition of the cholmesterases 
The acUvities of the true and pseudo-cholmesterases were measured, as described by 
Mendel, Mundell, and Rudney (1943), by the rates of hydrolysis of acetyl-;8-methylcholinc 
and benzoylcholine respectively 


Results 

/n vitro — Preluninarv expenments were earned out to determine the inhibitory action 
of duropropyl fluorophosphonate on enzyme preparations containing either only true 
cholmesterase or only pseudo-cholmesterase This was done m order to ascertain whether 
the substrate acetylchohne could be replaced by acetyl-/3-methylchohne in measunng the 
activity of true cholmesterase or by benzoylcholme m measurmg the activity of pseudo- 
cholmesterase, without affecting the percentage mhibition by diwopropyl fluorophosphonate 
Haemolysed dog er>'throcytes were used as a source of true chohnesterase, and an extract 
of dog pancreas as a source of pseudo-cholmesterase As shown m Table I, the degree of 
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inhibition of true cholinesterase and pseudo-chohnesterase by diisopropyl fluorophosphonate 
IS not altered when acetyl-/3-methylchohne or benzoylcholine respectively are substituted 
for acetylcholine 

TABLE I 

INHlBrnON OF PSEUDO-CHOUNESTERASE AND TRUE CHOLINESTERASE BY DIWOPROPYL 
FLUOROPHOSPHONATE, USING VARIOUS SUBSTRATES 


En^O'me 

preparation 

Substrate* 

1 

Molar 

concentration 
( of difsopropyl 

fluorophosphonate 

Percentage 

1 inhibition 

of enzymatic 
activity 

True chohnesterase 

Ach 1 2 X 10-W 

1 X 10 ’ 

4 

(haemolysed dog 

Mch 3 X 10-*M 

1 X 10 ’ 

3 

erythrocytes) 

Ach 1 2 X 10-W 

5 X 10 ’ 

25 


Mch 3 X 10-W 

5 y 10 ’ 

26 

Pseudo-chohnesterase 

Ach 6 y 10-W 

1 X 10 « 

87 

(suspension of dog 

Bch 6 y 10-W 

1 y 10 “ 

86 

pancreas) 

Ach 6 y 10-W 

5 X 10-8 

100 


Bch 6 X 10-W 

5 X 10-8 

100- 


♦ Ach =” acetylcholine , Mch *= acetyl-^-methylcholine , Bch " = benzoylcholine 


Moreover, the presence of pseudo-chohnesterase does not interfere with the inhibition 
of the true cholinesterase Table U shows that the hydrolysis of acetyl-/3-methylcholine by 
the true chohnesterase o'f haemolysed human erythrocytes is inhibited 26 per cent by 
5xlO-*Af dusopropyl fluorophosphonate When highly purified pseudo-cholmesterase pre- 
pared from horse serum is mixed with the haemolysed erythrocytes in an amount possessing 
an activity approximating that of the pseudo-chohnesterase of human plasma, no diminution 
of the inhibitory action of duropropyl fluorophosphonate on true cholinesterase is observed 
In subsequent expenraents, therefore, acetyl-i3-methylcholine and benzoylcholine could 
be used to estimate separately the activities of the two cholinesterases in enzyme preparations 
which in most cases contained a mixture of both 


TABLE n 

INHIBITORY ACTION OF DI/JOPROPYL FLUOROPHOSPHONATE ON TRUE CHOLINESTERASE IN 
THE PRESENCE OF PSEUDO-CHOUNESTERASE 


Type of 
chohnesterase 

Molar 

concentration 
of du5opropyl 
fluorophos- 
phonate 

Activity* 

(/il COi/15min) 

Percentage 

Inhibition 

True chohnesterase (haemolysed human 
erythrocytes) 


100 0 


True chohnesterase (haemolysed human 
erythrocytes) 

5 X 10-8 

74 0 

26 0 

True chohnesterase (haemolysed human 
erythrocytes) m the presence of pseudo- 
chohnesteraset (purified horse serum) 

5 X 10 8 

1 

1 74 5 

1 

25 5 


* Substrate m all cases acetyl-^-methylchohne (3 x \Qr-M) 

t The pseudo-chohnesterase from horse serum was kindly supplied by Miss F Strehtz, who 
purified It according to her method (Strehtz, 1944) This preparation ex^bited no activity 
towards acetyl-^-methylchohne 
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The enzyme preparations tested were the plasma of man, dog, cat, rat, rabbit, and 
sheep Sheep plasma contains no pseudo-chohnesterase, while the plasma of the other 
species contains both chohnesterases, although in different proportions For each enzyme 
preparation, with the exception of sheep plasma, the mmimal concentration of diiropropyl 
fluorophosphonate required to cause complete inhibition of pseudo-chohnesterase activity 
was determined, usmg benzoylchohne as substrate The inhibitory action of this concen- 
tration of diwopropyl fluorophosphonate on the true chohnesterase m the plasma was then 
examined, usmg acetyl-/S-methylchobne as substrate 

The results of these experiments are shown m Table m Although pseudo- 
chohnesterase IS inhibited completely m all mstances, the true cholmesterase is 
mhibited only partially 35, 34, and 33 per cent m human, rabbit, and rat plasma 
respectively, and only 7 per cent m dog plasma 

TABLE m 


SELECTIVE INHIBraON OF PSEUDO-CHOUNESTERASE BY DIUOpROPYL FLUOROPHOSPHONATE 


Source 

of 

enzyme 

Substrate* 

Molar 

concentration 
of diwopropyl 
fluorophosphonate 

Activity 
as ul CC 
by 1 ml 
in 15 
Without 
inhibitor 

'expressed 
, evolved 
plasma 
min ) 

With 

inhibitor 

Percentage 

inhibition 

Human 

Ach 6 X 10-»M 

1 X 10-» 

1280 

13 

99 

plasma 

Mch 3 X 10-W 


26 

17 

35 


Bch 6 X KHAT 


570 

0 

100 

Dog 

Ach 6 X 10-*M 

5 X 10-* 

590 

60 

90 

plasma 

Mch 3 X 10-W 


82 

76 

7 


Bch 6 X lO-’M 


294 

0 

100 

Cat 

Ach 6 X 10-= Af 

5 X io-» 

426 

14 

96 

plasma 

Mch 3 X 10-= Af 


30 

25 

16 


Bch 6 X 10-=Af 


109 

0 

100 

Rat 

Ach 6 X 10-= AT 

1 X 10-» 

123 

16 

87 

plasma 

Mch 3 X 10-= Af 


54 

36 

33 


Bch 6 X lO-’Af 


20 

0 

100 

Rabbit 

Ach 6 X 10-= Af 

5 X io-= 

45 

20 

?6 

plasma 

Mch 3 X 10-*Af 


47 

31 

34 


Bch 6 X 10-=Af 



0 

100 

Sheep 

Ach 6 X 10-*Af 

5 X 10-= 


10 

23 

plasma 

Mch 3 X 10-=Af 



11 

22 


Bch 6 X 10-»Af 

»* 


0 



* Ach — acetylchohne I 

Mch “ acetyl-P-methylcholme >all in the form of the chlonde 
Bch “• benzoylchohne J 


Besides disclosmg the difference between the sensitivities of pseudo-cholm- 
esterase and true cholinesterase towards dii^opropyl fluorophosphonate, these 
experiments show that when acetylcholme serves as substrate, the inhibition 
brought about by diiYopropyl fluorophosphonate depends on the proportion of 
true chohnesterase and pseudo-chohnesterase present m the plasma , the greater 
the content of pseudo-cholmesterase, the greater the discrepancy between the 
inhibition of true cholmesterase and the inhibition observed when acetylchohne 
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IS the substrate , conversely, the lower the pseudo-chohnesterase activity, the 
closer the parallelism between the inhibition of true cholmesterase and the 
inhibition of the acetylchohne hydrolysis 

In VIVO — ^Mazur and Bodansky found that in human beings exposed to dii^opropyl 
fluorophosphonate, an inhibition of 98-99 “per cent of the activity of the plasma toward* 
acetylchohne did not result in symptoms of acetylchohne accumulation In the present 
senes, animals were injected intramuscularly with dii^opropyl fluorophosphonate in order 
to ascertam whether in species, the plasma of which contams true cholinesterase and pseudo- 
cholmesterase m a proportion different from that in human plasma, there is also no correla- 
tion between the inhibition of the activity of the plasma towards acetylchohne and the 
symptoms to be expected from this mhibition _ . 

Rabbits were chosen as experimental animals because the plasma of this species con- 
tams a smaller proportion of pseudo-cholmesterase to true chohnesterase, and therefore 
(see Table HI) the discrepancy between the degree of mhibition of the activity towards 
acetylcholine, on the one hand, and towards acetyl-|8-methylchohne, on the other, is not so 
pronounced as with human plasma, in which pseudo-cholmesterase predominates 

It Will be seen from the typical experiment outlined m Table IV that rabbits 
receivmg mtramuscular m]ections of diisopropyl fluorophosphonate display their 
first symptoms of acetylcholme poisomng (le, masticatory movements of the 
jaws and slight generalized fibrillation) at a tune when an appreciable activity 
(18 per cent) of the plasma towards acetylcholme is still present These results 
confirm Mazur and Bodansky’s findmgs m then experunents with rabbits How- 
ever, these authors did not attempt to explain why in rabbits symptoms of 
acetylchohne poisonmg appear when the cholmesterase of then serum still dis- 
plays a considerable activity towards acetylchohne, whereas m man an almost 
complete inhibition of the activity of the plasma towards acetylcholme causes 
no symptoms of serious distress 


TABLE IV 

RELATIONSmP BETWEEN THE INHIBITION OF CHOLINESTERASES BY DIWOPROPYL FLUORO- 
PHOSPHONATE AND THE ONSET OF SYMPTOMS OF ACETYLCHOLINE POISONING 

Rabbit n— 2 5 kg 
11 26 Activity of plasma tested 

1 1 27 0 65 rag di/supropyl fluorophosphonate* m sdlme iryected intramuscularly 

11 29 localiz^ twitchmg of hmd leg at site of iiyection 

11 40 masticatory movements, which contmued until 

11 49 0 13 mg diijopropyl fluorophosphonate m sahne intramuscularly 

1 1 56 generalized fibnllation 

11 57 chewing, swallowing and fibnllation, activity of plasma tested 


Activity (expressed as ^il CO* evolved by 1 ml plasma in 15 nun) towards 


A line j 

Bch t 

Inhibition 

Mch t 

Inhibition 

Achf 

Inhibition 


(6 X lO-^M) 

/o 

(3 X 10-*AO 

% 

(6 X 10-*M) 

/o 

11 26 

61 

-- 

62 8 


69 5 

. 

11 57 

0 

100 

17 3 

73 

13 3 

82 


* An initial dilution (1 in 500) was made with propylene glycol 

tBch benzoylcholine, Mch — acetyl-^-methylcholine, Ach “acetylchohne 












178 


R D HAWKINS AND B MENDEL 


Discussion 

The plasma of most species contams, m varymg proportions, a mixture of 
two enzymes pseudo-chohnesterase, which plays no essential role m the hydro- 
lysis of acetylchohne in vivo, and true cholmesterase, the inhibition of which 
results m symptoms of acetylchohne poisonmg The experiments reported here 
have shown that appropnate concentrations of diz^opropyl fluorophosphonate 
completely mhibit pseudo-cholmesterase without affectmg the true cholmesterase 
significantly (see Table HI) 

Smce acetylchblme is hydrolysed by both cholmesterases, measurements 
with acetylcholme as substrate can yield no mformation about the contnbution 
made by each of these enzymes to the total activity, and the extent of inhibition 
of the activity towards acetylcholme m the presence of a selective inhibitor of 
pseudo-cholmesterase wiU depend on the relative proportions of pseudo- and 
true cholmesterases m the mixture which is being tested Therefore, the degree 
of mhibition of acetylcholme hydrolysis by diisopropyl fluorophosphonate is no 
index of the inhibition of the true cholmesterase 

In the light of the above facts it is not surpnsmg that human beings exposed 
to low concentrations of diisopropyl fluorophosphonate exhibit no symptoms 
mdicative of acetylcholme accumulation when their plasma has lost 98-99 per 
cent of its onginal activity towards acetylchohne , 99 per cent of the activity of 
human plasma towards acetylcholme (6x10 ®M) is due to pseudo-chohnesterase, 
true cholmesterase accounting only for about 1 per cent of the total activity 
(Mendel, Mundell, and Rudney, 1943) Consequently, when dnsopropyl fluoro- 
phosphonate causes a 98-99 per cent mhibition of the activity of human plasma 
towards acetylchohne, the inhibition of the pseudo-cholmesterase activity should 
be complete, while the activity of the true cholmesterase may be depressed less 
than 35 per cent (see Table III) 

The results are entirely different with anunals whose plasma contams pre- 
dommantly true cholmesterase (e g , rabbits) The hydrolysis of acetylcholme 
by the plasma of such animals is due mainly to the true cholmesterase , there- 
fore, when a 98 per cent inhibition of the activity of their plasma towards 
acetylcholme is achieved, it must be' the true cholmesterase which is inhibited to 
a great extent Consequently, symptoms of acetylcholme poisonmg should set 
in at a much lower level of inhibition of acetylcholme hydrolysis than would be 
the case in species, such as man, where the hydrolysis of acetylcholme by the 
plasma is due mainly to pseudo-chohnesterase Indeed, our experiments with 
rabbits have shown that the injection of diuopropyl fluorophosphonate leads to 
parasympathomimetic symptoms and fibrillation at a time when the activity of 
the plasma towards acetylchohne is inhibited not more than 80-82 per cent In 
sheep, whose plasma contams true cholmesterase only, these symptoms would 
probably appear at a still lower level of inhibition of the acetylcholme hydrolysis 
It would seem, therefore, that the higher the ratio of true cholmesterase to 
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pseudo-cholmesterase, the lower the degree of mhibition of acetylcholine hydro- 
lysis prevailing at the time of onset of 'symptoms 

As mentioned previously, it is the inhibition of true cholmesterase which 
results m the appearance of symptoms of acetylcholme poisonmg On the basis 
of experiments m which the level of true cholmesterase activity was correlated 
with the appearance of symptoms after the mjection of esenne, Gunter and 
Mendel (1945) concluded that the body possesses a surplus of this enzyme , they 
observed no ill-effects until the activity of the true cholmesterase was inhibited 
70-80 per cent Similarly, Hawkms and Gunter (1946) found that symptoms of 
' acetylcholme accumulation made then first appearance in dogs when the true 
cholmesterase activity of their plasma had been depressed to 23 per cent of its 
onginal level Koelle and Gilman (1946) reported only shght parasympatho- 
mimetic symptoms m rats when the activity of the true cholmesterase m the bram 
had been depressed to 21-28 per cent of the normal by mtramuscular mjection of 
dujopropyl fluorophosphonate, and m the present study symptoms of acetyl- 
chohne accumulation appeared m rabbits when the activity of the true chohn- 
esterase m the plasma had been depressed to 27 per cent of its origmal level 
(see Table IV) 

Therefore, dui'opropyl fluorophosphonate, m order to produce symptoms of 
acetylcholme poisonmg, must be present m a concentration which is sufficient 
to remove the true cholmesterase m excess of that required for normal function 
To estimate to what extent this objective has been achieved by mjection of, or 
exposure to, diwopropyl fluorophosphonate it is necessary to determme the 
degree of inhibition of the activity towards acetyl-j3-methylchohne The use of 
acetylcholme as substrate would yield no such information except m the rare 
cases m which pseudo-cholmesterase is absent or is present m negligible amounts 
only 

Summary 

1 Although dusopropyl fluorophosphonate inhibits both true and pseudo- 
cholmesterases, higher concentrations are requued for the mhibition of true 
cholmesterase than of pseudo-cholmesterase With appropnate concentrations 
of diisopropyl fluorophosphonate it is therefore possible, m a mixture of both 
enzymes, to inhibit selectively the activity of pseudo-cholmesterase without 
affectmg that of true cholmesterase 

2 Acetylcholme is hydrolysed in vitro not only by true cholmesterase, but 
also by pseudo-cholmesterase , therefore, measurements of cholmesterase activity 
m which acetylcholme is used as substrate cannot be used to correlate the degree 
of inhibition of true cholmesterase by diisopropyl fluorophosphonate and the 
effects resultmg from this inhibition m vivo Since true cholmesterase is the 
enzyme responsible for the hydrolysis of acetylchohne released at nerve endings, 
It is the degree of inhibition of true cholmesterase which must be determined 
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when a correlation between anti-cholinesterase action and pharmacological 
effects IS sought 

The diijopropyl fluorophosphonate used m these expenraenfs was kindly supphed from 
the Medical Centre, Chemical Warfare Service, Edgewood Arsenal, Mdj through the 
courtesy of Col J R Wood 

This investigation was aided by grants from the Banting Research Foundation and 
HofEmann-LaRoche Co , Ltd , Canada 

The results set forth in this paper were presented m part at a meetmg of the Biochemical 
Society in London, December 6, 1946 
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During the preparatory work before paludnne (4888) was administered to 
human bemgs the usual mvestigations were made of its toxicity in vanous 
laboratory animals Early m the work we recognized that different species of 
animals behaved differently towards it, the rat and the mouse, for example, 
appeared more susceptible than the chick We also recognized that the differ- 
ences were possibly not due to a difference m susceptibihty to unchanged drug, 
but more hkely to a difference m its metabohsm and the hberation of greater or 
less amounts of toxic by-products Sufficient work was done to justify givmg the 
drug to human bemgs, and the Liverpool workers (Adams, Maegraith, Kmg, 
Townshend, Davey, and Havard, 1945) pursued their mvestigations on the 
assumption that human bemgs might react like the mouse and the rat, which are 
amongst the most susceptible of the laboratory animals It was for this reason 
that, m the begmnmg, paludnne was given only twice daily, and doses were 
plrogressively mcreased by amounts not greater than 25 mg Qmte quickly it 
was shown that man must be classed amongst the least susceptible animals 
The laboratory results have not been published earher because it was hoped 
that a fuller mvestigation would be made Unfortunately, this will take longer 
than was plaimed, and because paludnne has now been sent to many laboratones 
m different parts of the world we are makmg the prehimnary results available 
without further delay for the convemence of other workers 
The constitution of paludnne (base) is given below 


Cl 


O NH C,NH C.NHCH(CHs). 
II II 
NH NH 

paludnne 



NHCNHCN 
II I! 
NH NH 

4430 


^5 

N3H(CH^. 


Two salts were used m the experiments, the monoacetate and the monohydro- 
chlonde The former contams 81 per cent by weight of the base and is soluble 


•Paludnne is the registered name for N.-p-chlorophenyl-Nj-iropropylbiguanide 
Q 
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to the extent of about 2 per cent m water , the latter contains 87 4 per cent by 
weight of the base and is about half as soluble Solutions of either salt are 
stable when boded The figures quoted in the text, unless it is stated to the 
contrary, refer to the salts The monoacetate was used m the mtravenous and 
mtrapentoneal tests, the monohydrochlonde m the oral tests 

Acute toxicity 

This was measured m the usual way Soluhons were admimstered orally by means 
of a catheter tube, and intravenously or mtraperitoneally by rapid (3 sec) mjechon 
The results are given m Table I For most species of animal three sets of figures are 
quoted which give, respechvely, approximately the largest dose permittmg all animals to 
hve (LDO), the dose which kills approximately half the expenmental animals (LD50) and 
approximately the smallest dose which kills all (LDIOO) 


TABLE I 

ACUTE TOXICITY OF PALUDRINE IN LABORATOltY ANIMALS 


Species 


Chick (wt 50 g ) 


Mouse (wt 18-22g) 


Rat (wt 100 g ) 


Rabbit (wt 1 5 kg ) 


LDO (mg /kg) I LD50(mg/kg) LDIOO (mg /kg) 



The mtravenous or mtrapentoneal mjection of paludnne mto both rats and 
rmce is associated with delayed deaths, a point which is of much mteresL It is 
best emphasized by comparing the results of an mtravenous test usmg this drug 
with one usmg a closely related substance (4430), which differs only by a methyl 
group (see formula above) The results are given m Table n 


TABLE n 

COMPARISON OF THE RESULTS FOLLOWING THE RAPID INTRAVENOUS INJECTION OF 4430 AND 

PALUDRINE INTO MICE 


Dose 

100 mg /kg 
so mg /kg 

60 mg /kg 


Results 


4430 

6/6 mice dead within 3 min 
5/6 mice dead within 3 mm , 
survi\ or alive 5 days later 

6^6 survised 5 days 


Paludnne 

12/12 mice dead within 3 mm 

9/18 mice dead within 3 mm , 
remaining 9 died 1 to 24 hours after 
the injection 

No immediate deaths, 12/12 mice 
died 2 to 24 hours after the injection 
























TOXICITY OF PALUDRINE 


183 


At the time these experiments were carried out the blood concentrations of 
paludnne had not been measured, and it was thought possible that the delayed 
deaths were caused by unusually prolonged retention of the drug m the blood, 
and therefore that an additive effect might be produced by further mtravenous 
mjections 

The idea was tested by giving a second injection, after vanous intervals, of an amount 
(20 mg /kg ) that, by itself, produced very few deaths Seventy-two mice were injected m 
the beginnmg , 12 were kept as controls and the remamder were divided into five further 
groups of 12 which were given a second mjection 1, 3, 6, 24, and 48 hours respectively, 
after the first mjection The results are given m Table III (The results of a second, 
similar experiment are given in parentheses m the Table ) ^ 

TABLE m 

MORTALITY IN MICE AFTER A SECOND INTRAVENOUS INJECTION OF 20 MG /iCG PALUDRINE 
FOLLOWING A HRST INJECTION OF THE SAME AMOUNT 

Figures m parentheses are the results of a second experiment 


Group 

Mortalities 

Total dead 
after 

5 days 


1-5 hr 

5-24 hr 

24-48 hr 

1 

I Control 

— - 

— 

— 

1/12 (1/12) 

1/12 (1/12) 

2nd injection after 

n 1 hr 

m 3 hr 

IV 6 hr 

V 24 hr 1 

VI 48 hr 

1/12 

1/12 

9/12 

9/12 

11/12(6/12) 

4/12(1/12) 

2/12 

! 2/12(2/12) 
1/12 

12/12 

9/12 

11/12 (6/12) 
7/12 (3/12) 
1/12 


In mice, therefore, the second mjection clearly exerts an additive effect Similarly, a 
second injection of paludnne into rats also produces an additive toxic effect (Table IV), 
and in them, too, its parenteral injection is associated with delayed deaths On the other 
hand, m chicks which have received paludnne intravenously, deaths occur withm about 
15 min or not at all, and in them a second injection does not produce an additive effect 


TABLE IV 

MORTALITY IN RATS AFTER A SECOND INTRAVENOUS INJECTION OF 25 MG 'KG PALUDRINE 
FOLLOWING A FIRST INJECTION OF THE SAME AMOUNT 



1 

Group 



Mortalities 


Total 

Deaths 


0-1 hr 

1-4 hr 

4-8 hr 

8-24 hr 

24-48 hr 

I 

Control 

2nd injection after 


i 




0/6 

ir 

1 hr 

2/6 



1/6 

3/6 



6/6 

in 

3 hr (1/6 dead 
before 2nd injection) 

— 

— 

2/5 

2/5 


4/5 

IV 

6 hr 

— 

— 

2 '6 

3 6 



516 

V 

24 hr 

— 

— 

— 


— 

0'6 
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Although these results tended to support the suggestion that paludnne might 
be highly persistent in rats and mice, measurements of blood concentrations 
soon disproved this, and we now find it diflScult to beheve that delayed deaths 
or additive effects are due to unchanged paludnne We are therefore searchmg 
for a metabohte m the hope that the properties of the latter may provide an 
explanation ^ 


Chrome toxicity 

(a) In mice — Two types of experiment were done In the first, mice weighing 18 to 
22 g were arranged in groups of 10 and dosed twice daily for 5 days with the test solutions 
The LD50 m this experiment is about 25 mg /kg , at 12 5 mg /kg no ammals die , at 
50 mg /kg they all die 

In the second type, young mice weighmg 14 to 16 g were dosed twice daily for 14 
days Growth appeared normal amongst those receivmg 12 5 mg /kg , deaths occurred 
at higher doses 

ib) In rats — Newly weaned rats, weighmg about 40 g , and selected from as few htters 
as possible, were arranged m groups of 10 Sexes and litter mates were distnbuted equally 
among the vanous groups Food (standard cubes made to a formula of the Rowett Insti- 
tute) was given to the ammals immediately after the daily weighmg at 10 a m , water was 
always available 

The growth of rats for the first few weeks after weanmg is Imear and, with careful 
matching, all the groups m experiments such as the ones bemg desenbed can be made to 
follow the same straight Ime Seven days were allowed for the Ime to become estabhshed, 
and then treatment with paludnne was commenced It was given orally, once daily 

It was found that a dose of 50 mg /kg caused an immediate alteration m the slope of 
the growth curve, although not suffiaent to reduce it to zero Scattered deaths also 
occurred with this treatment With a dose of 40 mg /kg a slight deviation of the curve 
was caused sometimes immediately, sometimes later With a dose of 30 mg /kg. growth 
was normal over the whole penod of treatment (two months m some experiments) and 
there were no deaths 

Rats which died, and the survivors of all groups, were subjected to a pathological 
exammation, but nothmg of significance was found * It is noteworthy that m none of 
these toxicity tests has any symptom been produced m any of the mammalian species that 
would lead one to suppose that the drug had affected the central nervous system Chemical 
estimations confirm that the amount of drug which can be recovered from the bram of 
rats and rabbits is msigmficant (see below and Spinks, 1947) 


Blood concentrations^ 

f 

The rat growth test just desenbed is probably one of the most sensitive 
toxicity tests available m the laboratory and it was regarded as important to 
detenmne the concentrations of paludnne m the blood associated with the doses, 


*We are mdebted to Dr J R M Innes for this mformaUon The organs examined 
were brain, kidney, liver, pancreas, spleen, lung, mtestine, and thyroid 

t All concentrations, whether m plasma, whole blood or tissue, are given as mg /I or 
mg /kg of the free base 



TOXICITY OF PALUDRINE 


185 


50 mg /kg and 30 mg /kg per day respectively, which delimited the toxic region 
They were measured by the method of Spinks and Tottey (1946) Measurements 
on whole blood were made, m different experiments, after the first dose and after 
the seventh dose At least three rats were used m the determmation of each 
pomt A curve for the concentrations reached on the seventh day is given m 
Fig 1 



Fig 1 — Concentrations of paludrme m the whole 
blood of rats after the seventh dose of 50 
mg /kg (A) and 30 mg /kg (B) once daily 


The most mterestmg feature of 
the results is the fact that the blood 
concentration associated with a 
dose of 50 mg /kg once daily, 
which produces deaths m some 
rats, IS comparatively low and has 
a peak of only about 14 mg /I 
That such a concentration should 
be toxic m rats is of mterest, 
because we beheve it to be readily 
tolerated by human bemgs , 700 
mg of paludrme have been admm- 
istered twice daily m man with 
only mfld toxic effects (Adams et 
al , 1945), while plasma concentra- 


tions of about 0 5 mg /I have been recorded twelve hours after doses of 500 mg 
twice daily (Maegraith et al , 1946) The maximal concentration m the plasma 
followmg the latter dose was found to be about 0 7 mg /I m one subject, who, 
however, showed m inim al concentrations rather lower than normal (Maegraith 
et al , pnvate commumcation) Smce the whole blood concentration m man is 
between 2 and 3 tunes the plasma concentration (Maegraith et al , 1946), it is 
reasonable to assume that blood concentrations between 1 mg and 1 5 mg /I 
are attamed followmg the admimstration of 500 mg twice daily The comparison 
can also be made on the basis of plasma concentrations The maximal plasma 
concentration given m rats by the (toxic) dose of 50 mg /kg daily is 0 236 mg /I 
(Table V) Concentrations much higher than this have been frequently observed 
in man A further pomt of difference between man and rat is the lower persistence 
of paludrme m the latter, illustrated by the low mmunal concentrations, and 
by the fact that the concentrations determmed after only one dose are very similar 
to those determmed after 7 doses 


It now became unportant to determme the blood concentrations associated 
with chrome toxic effects m other species We chose to examme the mouse and 
the chick because the mouse behaved like the rat m the matter of delayed deaths 
after parenteral injection, whereas the chick did not Curves for whole blood 
concentrations m these two species are gi\en m Figs 2 and 3 
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Fig 2 — Concentrations of paludrme in the Fig 3 — Concentrations of paludnne in the whole 
whole blood of mice after the third dose of blood of chicks after the fourth dose of 60 
30 mg /kg once daily (A) and the fifth dose mg /kg twice daily 
of 12 5 mg /kg twice daily (B) 

The curves for mice were detenmned on one group receivmg 12 5 mg /kg twice daily, 
a treatment which is apparently harmless, and on another receivmg 30 mg /kg once daily, 
a treatment which produces scattered deaths In the first group measurements were made 
after the fifth dose, m the second after the third dose It will ^ seen that there is a good 
parallehsm between the concentrations toxic for mice and those toxic for rats, and that 
the general form of the curves is similar, the build-up bemg neghgible It will also be 
apparent that the same dose given to mice and rats on a weight basis wiU produce higher 
concentrations in the mice 

Curves for chicks were obtamed from animals receivmg 60 mg /kg twice daily 
Scattered deaths occur with this regime although about 30 to 50 per cent of the animals 
will survive indefinitely treatment given for 5 days Measurements were made after the 
fourth dose It will be seen that the peak concentraUons associated with a potential lethal 
effect m chicks are about 10 tunes as high as concentrations associated with lethal effects 
m rats and mice Also the build-up is considerable, a residue of about 5 mg /I bemg 
left after the thud and fourth doses The contrast between chicks on the one hand, and 
rats and mice on the other, is also well shown by the results of other experiments m which 
only one dose of 50 mg /kg was given to chicks Peak concentrations of paludrme m 
the blood rose to 3-4 mg /I and after 24 hours concentraUons of 1 5 mg /I were recorded 

Discussion 

Clearly a fundamental difference must exist between the metabohsm of 
paludrme m rats and rmce and its metabolism m chicks (and probably man) 
Certainly, the grosser aspects of distribution which can be measured chemically 
do not account for the differences m results In all species exammed so far the 
concentration of the drug m the plasma is about a thmd to a fifth that m whole 
blood, and the ratios between tissue and plasma concentrations (which vary from 
10 to 100/1 dependmg on the tissue) are sunilar We sought to emphasize the 
distmction between the chick and the rat, and the fact that the tissue distnbu- 
tion of the drug does not reveal any explanation of it, by companng the con- 
centrations found m the tissues of rats and chicks foUowmg the seventh dose of 
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50 mg /kg once daily This treatment is lethal for some rats, but tolerated by 
chicks The blood and tissues of 3 rats or 6 chicks were used at each time 
mtervaL The results are shown m Tables V and VI 

TABLE V 

DISTRIBUTION OF PALUDRINE IN RATS FOLLOWING THE SEVENTH ORAL DOSE OF 50 MG /kG 

ONCE DAILY 



[ 


mg 

base/1 or kg in 




Blood 

Plasma 

Lung 

Spleen 

Kidney 

Liver 

Brain 

Before 

0 403 


1 61 

0 414 

0 577 

0 748 

0 

1 hour 

0 802 

0 0804 1 

4 34 

2 62 

3 03 

20 6 

0 

2 hours 

1 07 


11 2 

4 69 

9 14 

32 4 

trace 

4 „ 

1 40 

0 236 

17 9 

12 3 

9 80 ! 

301 

0 

6 „ 

0 723 1 

0 144 1 

6 41 1 

1 95 

2 10 1 

11 9 

trace 

24 „ 

0 320 

0 0671 

1 82 

0711 

0 947 

1 07 

(0 123) 


TABLE VI 

DISTRIBUTION OF PALUDRINE IN CHICKS FOLLOWING THE SEVENTH ORAL DOSE OF 50 MG /KG 

ONCE DAILY 


Time 

1 


mg 

base/I or kg m 



Blood 

Plasma 

Lung 

Spleen 

Kidney 

Liver 

Brain 

Before 

3 25 

1 02 

72 4 

25 9 

92 6 

45 3 

■■ ' lull 

1 hour 

3 78 

1 31 

62 9 

26 6 

89 7 

62 8 


2 hours 

8 15 

284 

121 

73 8 

214 

136 


4 „ 1 

7 59 

2 58 

117 

57 6 

246 

104 1 


6 „ 

5 91 

2 14 

103 

40 9 

177 

95 1 


24 „ 

2 95 

0 809 

75 6 

12 4 

1 

53 9 

31 6 

15 I 


Although the treatment is tolerated by chicks, but fatal for some rats, the 
drug concentrations are uniformly higher in the chicks It would seem, too, that 
paludrme reaches the bram more readily in the chick than m the rat, a pomt 
which is of mterest because, so far as we are aware, such a species difference 
has not been demonstrated for any other drug However, this difference would 
hardly seem to have any bearmg on the high blood concentrations m the chick 
or the delayed deaths m mice and rats Surveymg the results of aU the expen- 
ments, we have come to the conclusion that the sunplest explanation of them is 
to postulate that paludrme, m mice and rats, is metabolized to a substance per- 
sistent m the body and more toxic than the drug itself , m chicks, and probably 
in man, the metabohsm is either different qualitatively or, if it is similar, the 
degree of degradation to the toxic substance is much less The relevant facts 
can be summarized as follows 

1 Equivalent doses of paludrme give higher concentrations, and the drug is 
more persistent, m chicks than m mice and rats On the other hand, it is more 
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toxic for mice and rats than for chicks On the evidence so far available, it is 
probable that man behaves like the chick rather than hke the rat or mouse 

2 Although paludrme appears to be removed so readily from the blood of 
mice and rats, delayed deaths may occur m both species and, after parenteral 
admmistration, an additive toxic effect can be produced by a second mjection 
given even 24 hours after the first 

3 The tissue distnbution of the drug m its grosser aspects does not account 
for the differences m susceptibflity betweea chicks and rats Concentrations are 
uniformly higher m the chicks 

4 The distnbution of 4430 (an Nj-methyl denvative of paludrme) m the 
body IS similar to that of paludrme (Spmks, 1946, 1947), but delayed deaths are 
not associated with its mjection mto animals 

5 Recoveries of paludrme from the faeces and urme of rats (and rabbits) are 
low, usually less than 30 per cent of the dose (Spmks, 1947), which contrasts 
markedly with what obtams m man, where they are much hi^er, often up to 
60 per cent (Maegraith et al , 1946) 

Summary 

1 Measurements of the toxicity of paludrme for mice, rats, rabbits, and 
chicks are given 

2 Delayed deaths follow the mtravenous mjection of paludrme mto mice 
and rats, and it is noteworthy that an additive toxic effect can be obtamed by a 
second mtravenous mjection given many hours after the first. Delayed deaths 
do not follow the mtravenous mjection of the drug mto chicks, and m these 
animals an additive toxic effect is not produced by a second mjection 

3 Measurements of the concentration of paludrme m the blood of mice, rats, 
and chicks under vanous treatments showed that chicks tolerate much higher 
concentrations of the drug m the body than do mice and rats 

4 Gross measurements of the drug m the organs of chicks and rats on a 
sundar treatment (50 mg /kg once daily) did not reveal differences suflScient to 
account for the difference in tolerance Because of this, and m the hght of other 
evidence which is presented, it is suggested that the metabohsm of paludrme in 
chicks IS different from what it is m rats and mice The facts would be explamed 
if paludrme, m mice and rats, were degraded m large measure to a substance 
more toxic than the drug itself 
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pA. A NBV SCALE FOR THE MEASUREMENT 
OF DRUG ANTAGONISM 

ll'i 

H 0 SCniLD 

7><irA //«* Dcpcsrunrnt o1 Pl'arrtacohi'^ Ihtnrrurv Collrrt, London 
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Wlicn the ncUMtv of a <iriir cm he cxprc'^'^ed ju terms of a stable standard 
which docs not differ from ii quahtativcK. there is no diOicnltv m gettmn repro- 
ducible results, since all the assivs tend to gne the same answer, and an\ degree 
of accuraev can be attained provided that the cxpennicnl is repeated sunicicnily 
often Wlicn. however, the activitv of a new dnm or drug antagoni<-i has to be 
defined m terms either of ‘•omc other drug or of some of its own cfTecls, the 
results arc not cqu dlv reproducible smcc the apparent activity vanes m successive 
cxpcnmcnis, even though conditions arc kept ns constant as possible The 
difficulty of making results of one liboratorv available to another is aggravated 
h\ the niuliiphciiy of methods used and frequentiv b\ the lack of information 
of ihcir variability : this applies particulirly to methods of expressing drug 
antagonism 

It would obviouslv be of advantage if some common method of expressing 
drug antagonism could be agreed upon In the present paper it is proposed to 
introduce a new measure of drug antagonism, pA, based on a suggestion made 
onginally by Clark and Raventos (1937) Apparatus and methods arc described 
for determining pA accurately on the guinea-pig’s ileum, and tlic activity of 
several knowm antagonists of histamine and acetylcholine has been measured in 
terms of pA The vTiriabihiv of the pA measure has been estimated and 
methods arc discussed of obtaining reproducible results in the most economical 
way 

Apparatus 

All the expenments ucrc done on the isohted ileum of the puinen-pig The apparatus 
used for assaying drug nnlagonisls is shown in Fig 1 It consists csscntnlly of a gut bath 
which can communicate with two altcrmtivc systems, one of which is filled with ordinary 
Tyrodc solution and the other with Tvrodc solution containing the antagonistic drug , the 
latter solution can be replaced m the course of the expenment without mterfenng with 
the assay 

All the operations involved in an assay, except the injection of the drug, arc performed 
automatically The pnnciplc of the method has been described before (Schild, 1946) 

“ Telephone relays arc converted to compress rubber tubing When the relays arc activated 
the rubber tubing is decompressed and fluid is allowed to flow These relays control the 
emptying and filling and the adjustment of fluid level of an isolated organ bath They are 
activated at regular time intervals through a telephone uniselector which makes 12 successive 
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Fig 1 — Apparatus for assaying drug antagonists Two stock bottles provide the inflow , 
one filled with Tyrode solution, and the other with a Tyrode solution of the antagonist 
drug All the outflows arc connected to a water suction pump The electro magnets 
compressing rubber tubing are automatically operated mrough the selector circuit 
shown in Fig 2 They are standard P O telephone relays of 3,000^,000 ohms resist- 
ance operated directly from D C mams, with a special armature made in our workshop 
The movement of the armature is controlled by two coiled spnngs which tend to 
compress rubber tubing of 2x4 mm diameter by means of a thin brass rod 

contacts m a cycle The duration of each contact is usually 15 sec , thus producmg a cycle 
of 3 mm The selector also controls the movements of the drum and a light signal to time 
the injection of drugs ” A diagram of the selector circuit is shown in Fig 2 * 

The present apparatus differs m the following respects from the one previously 
descnbed 

1 An additional inflow relay is provided to control the inflow of the antagomstic 
solution The two inflow relays are activated simultaneously, aUowmg one of the two 
solutions to flow into the bath according to the position of the 3-way tap By means of 

*A11 the component parts of the automatic apparatus, mcludmg AC mains-operated 
electro-magnets compressing rubber tubing, and AC -operated 12-step selectors, are now 
made b> Messrs Londex, Ltd 
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vwjuh D U ir '•cled^'r nn I'c •■lunt Circmtal mul ihc inflo^v tcl ij*; nctnntcd directly 

If the volution m die vvvicin tontiinnir die nntironiviic drny j*- m I'c rcpliccd, the l-wav 
np o tHr J) i'' turned into the null povition vwuch 1) 11 nctn itcd, nnd inp h is opened, 
nllovsmp the volution to dtiin into the c\lnuvt 

2 Suiichcv A It nnd C contiol 'V‘j 


ccrinm altcrmtivc atnnpcincnts of the 
cvelc Uv means of suuchev A and 
11 the put huh miv he emptied ind 
jcfdled twice in Miecevvion instead of 
onU once llv means of switch C the 
vipnal mas he adsanced h\ see. 
pcrmiiunp a lonycr pcnod s'f conttci 
hclsseen dnif and tusne- 1 iWc 1 
shows die lutomatic sipcrations per- 
fiirmed in a complete cscle topether 
sMlh the powiMc altcmatisc atranpe 
ments 

a The outflows ajc operated b\ 
suction 

d \ new tape of adjustment for 
telephone rclass has been toed to 
compress nihhcr ttihinp Tlic adjust- 
ment IS somewhat nioic complicated 
than the one prcvioiislj described, but 
It IS mtarc cfTicicnt and st iMc It is 
dlusinitcd in Tip 1 

5 Two put b iihs hoc been oper- 
ated simultancousis Tlic huhssscrc 
contained in i larpc thcmiostaiicaUv 
controlled tank, stirred hv .a circulat- 
inp w.atcr-pump As a rule a lap 
period of 30 see \sas maintained be- 
tween the two cycles, tracings being 
recorded on two independent dnims 
situated at opposite ends of the 
tan! 



Fig 2 — Diagram of selector circuit for one muscle 
bath 
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The ^v^tMg lever used in these experiments is illustrated in Fig 3 

It may be asked to 
what extent these modifi- 
cations of the usual Bum- 
Dale isolated organ bath 
are essential for these 
expenmen ts 

The purpose of the 
automatic apparatus is 
to ensure constant tune 
intervals and bath 
volumes, to enable more 
than one assay to be per- 
formed at the same time 
and m general to enable 
the experimenter to divert 
his attention from servic- 
mg the bath and drum. 
In practice the automatic 
apparatus has been found 
very useful, but it is obvi- 
ously not essential for 
carrymg out these tests 
smce all the operations 
can be performed by 
hand 



Fig 3 —Approximately hnear and isotomc frontal 
■writing lever 


xinijvi 

The main purpose of addmg the antagonistic drug to the bath fluid before it reaches 
the gut, instead of addmg it in the usual way by injection mto the muscle bath, is to prevent 
the gut conung into contact with pure Tyrode soluUon dunng the penod of replacement of 
the bath fluid when the effect of an antagonist on successive contractions is bemg mvesti- 
gated The present method is thus particularly suitable for mvestigating the effect of 
antagonists m relation to tune, whilst both methods are suitable for deternumng the effect 
of antagonists on a single contraction The old method is most suited for prelimmary 
experiments and for comparative measurements 

The purpose of the long wntmg pomt used on the frontal wntmg lever is to ensure 
that the relaUon between shortening of the gut and effect on the drum should be Imear 
This IS especially important when the effects are measured in terms of a maximum contrac- 
tion The errors obtamed with a shorter writing pomt are, however, usually not excessive, 
unless a very short writing pomt is used or the angle of excursion of the lever becomes 
greater than about 30* from the horizontal , this may be prevented by means of two adjust- 
able stops limiUng the excursion of the lever as shown m Fig 3 The errors may be 
calculated from the formula given m a previous communication (Schild, 1944) The lever 
can be made practically isotomc, by means of the screw adjustment shown on the pivot. 
The adjustment may be tested by suspendmg an appropnate weight at the pomt of attach- 
ment of the thread The lever should then balance m every posiUon m which it is likely 
to be used The tension exerted b> the lever in these experiments was of 600-800 mg 
The following antagomst drugs were used in these expenments 

Iseoantcrgan, or N-p-metho'xybenzyl-N-dimethylammoethyl-ci-ammopyndinc acid 
maleate (Bovet, Horclois, and 'Walthert, 1944) 

Bcnadry'l, or dimethylammocthyl benzhydryl ether hydrochloride (Loew, Kaiser, 
and Moore, 1945) 
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Pcthidmc, or ethyl 4 - phenyl - 1 - mcthylpipcndmc - 4 - carboxylate hydrochloride 
(Schaumann, 1940) 

Atropine sulphate 


The pA Scale 

pA^ IS defined as tlie negative logarithm to base 10 of the molar concentra- 
tion of an antagonistic drug which will reduce the effect of a multiple dose (x) 
of an active drug to that of a single dose Thus, if the presence of a concentra- 
tion of 10-^® molar pethidme m the bath fluid reduces the effect of 2 /ig 
histamine to that produced, m the absence of pethidme, by 1 /^g histamme, pAa 
pethidine-histamine=5 8 

It IS obvious that a constant of this nature can refer only to a given drug- 
antagomst pair acting on a definite pharmacological preparation, e g , the guinea- 
pig’s ileum, and that a representative pA value must be the mean of several 
individual determmations pA values are dependent on the length of contact 
between antagonistic drug and tissue, but they are apparently mdependent of 
the absolute concentrations of the active drug used These pomts will be 
discussed m detail later 

Method of determining pA. — The prmciple of the method consists m findmg 
two concentrations of the antagomstic drug such that one will reduce the effect 
of a double dose of the active drug to slightly less and the other to shglitly more 
than the effect of a single dose The concentration correspondmg to pAj is then 
computed by interpolation on a logarithmic scale 

The following results jusUfy to 
some extent the use of a logarith- 
mic scale for interpolation In a 
senes of pA, determinations a third 
concentration of antagonist was 
added to test for Imeanty between 
log concentration of antagomst and 
effect The pomts, plotted on a 
logarithmic scale m Fig 4, each 
point representing the mean of 
several determmations, fall on 
approximately straight lines 

lu order to get reliable 
results a constant submaximal 
response to the stimulant drug 
must be produced before addi- 
tion of the antagomst , 10-20 
prelimmary contractions may 
be required to achieve this At 
this pomt the muscle chamber 



Fig 4 — Gumea-pig ileum Pethidme-hlstamme 
Approximately Imear relation between log 
concentration of pethidine and reduction of 
histamme effect 
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IS ]omed to the system -contammg a Tyrode solution of the antagonistic' drug, 
which now replaces Tyrode solution when the bath fluid is changed At the next 
mjection the dose of active drug is doubled Injections of a double dose of 
active drug m the presence of the antagonist are continued for several penods 
(usually five penods) m order to observe whether the effect of the antagonist 
mcreases with mcreasmg length of contact Eventually the bath fluid is switched 
back to Tyrode solution to test for persistence of antagonistic effect and the 
assay is concluded by producing a senes of maximal effects A second concen- 
tration of antagonist is investigated m the same way, usually on a fresh piece of 
gut, and the results, expressed m terms of the maximal contraction, arc used 
for mterpolatmg pAj values after various penods of contact with the antagonist 

As m these experiments the automatic apparatus was set to produce mtervals 
of 3 mm between mjections and pauses of 2 mm between completion of change 
of bath, fluid and the next vnieetion, the first pA. measurement was made when 
the antagonistic drug had been m contact with the tissue for 2 mm and further 
determinations at 3 mm mtervals Dunng this penod the tissue never ceases 
to be m contact with the antagonistic drug which is contamed m the bath fluid 
Itself, and an even flow of stimulation at constant mtervals is mamtamed as the 
penod of contact with the antagomst is gradually increased 

Although tedious, the use of a fresh piece of gut for each concentration of 
the antagomst has been found to be the most satisfactory procedure when the 
effect of the antagonist is persistent In our expenence, variations m sensitivity 
to the action of antagonists of different segments of the same gut are remark- 
ably small and are not correlated with variations m sensitivity to the stimulant 
drug, provided that pieces which are obviously damaged and msensitive are 
rejected Although it is advantageous to use two pieces of gut simultaneously, 
this IS not essential, smce the gumea-pig ileum does not seem to alter appreciably 
m sensitivity if left in clear Tyrode solution at room temperature' for several 
hours 

Fig 5 (p 205) illustrates two complete pAn determmations done on six seg- 
ments of the same gut The object was to determme pA, values after a short 
penod of 2 mm and after a long penod of 14 mm contact with the antagonist 
The followmg two examples, quoted from the experiment shown m Fig 5, 
illustrate the method of computmg pA^ 

pA benadnl-histamine (2 nun contact ) — After 2 min contact between muscle and 
antagonistic drug a double dose of hislamme in 10 molar benadryl (1 300 million) 
produces an effect which is 7 per cent (of the maximal effect) greater and a double dose 
of histamine in 10-’'“ molar benadryl (I 100 million) an effect 11 per cent smaller, than 
that produced by a single dose of histamine in Tyrode By interpolation the molar concen- 
tration of benadrjl which would Just reduce the effect of a double dose of histamine to 
that of a single dose is 10-' ” (1 195 million) Hence pA, (2 mm contact)=7 75 

J pA, ncoantcrgan-histamme {14 mm contact ) — When the antagonist has been in contact 
with the muscle for 14 mm (5th injection in presence of antagonist) a double dose of 
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histamine in 10*’ ” molar ncoantergan (1 9 000 million) produces an effect 7 per cent 
greater and the same dose in lO** molar ncoantergan (1 3,000 million) an effect 10 per 
cent smaller than a single dose of histamine in Tyrode By mterpolation pA, (14 min 
contact) =9 36 

Independence of pA and concentratwn of antagonist — Since the absolute 
concentration of tlie active drug does not enter into the definition of pA, it was 
of interest to find out whether the depression produced by a certain concentra- 
tion of the antagonist was, in fact, independent of the concentration of active 
drug used Altliough this is generally accepted as true (Gaddum, 1937), it 
seemed worth in\ estigating the point, using a properly randomized expenmental 

The expenments were ear- 
ned out as follows Several 
doses of the active drug alone 
and of the active drug plus 
antagonist were administered 
If the antagonist produced the 
same amount of depression at 
each concentration of the active 
drug, the concentration-action 
cun’es in the presence and 
the absence of the antagonist 
should be parallel Doses were 
administered repeatedly in a 
random order, and the results 
uere analysed by means of 
analysis of vanance for statis- 
tically significant deviations 
from parallelism 

Five such expenments were 
performed , three ivith pethi- 
dme-histamme, one ivith atro- 
pme-acetylchohne, and one with 
pethidine-acetylcholme One of 
the expenments is illustrated in 
Fig 6, each point on the curve 
representing the mean of four 
determmations It will be seen 
that at each level the reduction 
of the histamine effect by pethidme was approximately the same There was no statistically 
significant deviation from parallelism between the two curves Similar results were obtained 
in the other expenments 


design which could be statistically analysed 



Fig 6 — ^Effect of a constant dose of pethidine (P) 
on contraction produced by vanous concen- 
trations of histamine (H) The depressor effect 
of the antagonist is independent of the contrac- 
tion produced by the active drug Upper 
curve histamine alone Lower curve double 
dose of histamine-t-pethidme 


Antagonism of Neoantergan, Benadryl, Pethidine, and Atropine Towards 

Histamine and Acetylcholine 

The activity and relative specificity of these antagonists of histamme and 
acetylcholme can be convemently summarized m terms of pA In Fig 7 the 
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two vertical lines represent pA, scales for antagonists of histamine and acetyl- 
cholme The activity of an antagonist towards these drugs is mdicated by its 
position on the scale, one scale division correspondmg to a tenfold difference m 
activity Pomts on the two scales referring to the same antagonist are joined 
K an antagonistic drug does not discnnunate between two active drugs, the hne 
jouiing the scales is horizontal , if it discnmmates sharply the hne is steep, as 
with neoantergan and atropme Neoantergan is the most discnmmatmg of 
the four antagonists, bemg 40,000 times as active against histamine as it^is against 
acetylcholme Atropme is 1,000 tunes as active against acetylchohne as it is 
agamst histamme Pethidme, on the other hand, discnmmates hardly at all 
between the two 

A smgle pA value is not sufficient to characterize an antagonist fully To 
descnbe fully the relation between a given antagomst and an active drug it 
would be necessary to state completely both the tune-action and the concentra- 
tion-action relations of the system Short of this, four characteristic pA values 
have been selected m the present study which together give some mdicabon of 
the change of activity of an antagomst with concentration and with time The 



Fig 7 — pAi scales of histamine and acetyl- 
choline At the time of measurement Uie 
antagomst had been in contact with the 
tissue for 14 min The results ma> be 
taken to represent approximately equi- 
libnum conditions 


Histamine ► Acetylcholine 

pA, pA, pA„ pA„ pA, pA, pA„ pA^ 

2 14 14 2 2 14 14 2 



Fig 8 — Each antagomst of histamine and 
acetylcholme is characterized by four 
pA values Note quahtaUve differences 
between antagonists with regard to in- 
crease of action with time and pA,-pA„ 
difference 
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following four pA values lia\e been selected for this purpose the pA„ values 
after 2 and 14 mm contact and the pA,o values after the same two periods of 
contact 

A 14 ram penod of contact with the antagonist (corresponding to five consecutive 
contractions in the presence of an antagonistic drug) has been arbitrarily chosen as repre- 
' senting approximately equilibrium condiUons, since at that Umc there is usually not much 
further increase of depression It would, of course, be preferable always to establish true 
equilibrium conditions, but it ssas found that m some instances the effect of the antagomst 
appeared to increase mdefimtely , when this happens it becomes difficult to distmguish 
betsseen the effect of the antagonistic drug and that of a spontaneous deterioration of the 
preparation, and true equilibrium conditions cannot be established 


A convenient method of summarizing the four pA values is shown below 


I 



Atropme — Acetylcholme 

! 

Pethidme — Acet) Icholme 


pA2 

pA-io 

pAo— pAjo 


pA. 

pAio 

pAj— pAjQ 

T 

■BB 

7 72 

0 65 

2' 

5 79 

4 69 

1 10 

14' 


8 05 

0 72 

14' 

5 89 

4 71 

1 18 

14'-2' 

1 

040 

0 33 


l4'-2' 

0 10 

0 02 



The data are taken from three experunents in which pethidine was tested 
agamst acetylcholme and three further expenments m which atropine was the 
antagomst, each experiment bemg complete m the sense that all the four pA 
values were determmed m the course of a single assay When the data are 
tabulated m this manner the row differences' provide a measure of the steepness 
of the concentration-action curve, and the column differences mdicate changes 
of activity with time Pethidme and atropme differ in both these respects The 
row differences are of the order of 0 7 for atropme and of 1 1 for pethidme, 
mdicatmg that m order to compensate for a fivefold rise of acetylcholme the 
concentration of atropme has to be raised fivefold and that of pethidme thirteen- 
fold The difference is statistically sigmficant The differences m the columns 
show that after 14 mm contact the effect of atropme is over twice that after 
2 mm contact, whilst the effect of pethidme increases hardly at all dunng 
this penod 

The difference between pA. and pA,„ provides a quantitative test for the hypothesis 
that antagonists compete with drugs for receptors accordmg to a simple mass action rela- 
tion It can be shown that the mass achon equation as developed by Gaddum (1937) for a 
first order reaction requires a nmefold mcrease of antagomst corresponding to a fivefold 
mcrease of achve drug between pA, and pA,o Straight proporUonahty between drug and 
antagonist at low concentrations of the antagomst is presumptive evidence agamst the 
existence of a simple mass action relahon 

R 
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The results of pA determinations are summarized m Table n Each drug- 
antagonist pair IS characterized by four pA values The figures given are mean 
values, the total number of mdividual determmations and theur standard devia- 
tion bemg mdicated m the Table Fig 8 shows some of the differences between 
antagomsts as revealed by the measurement of four pA values for each Apart 
from differences m theu* general activity, antagonists also show characteristic 
differences m time-action and concentration-action relations The hnes joining 
the outer scales to the two inner scales represent mcreases of activity with tune , 
these are greatest m the two most active antagonists The hnes joimng the two 
mner scales mdicate differences between pA^ and pAjo (at approximately 
equilibnum conditions) This difference is smallest with the pair atropme- 
acetylchohne, which provides the only mstance of straight proportionahty 
between concentration of drug and antagomst In aU other cases a tenfold or 
greater mcrease of antagomst concentration is required to balance a fivefold 
mcrease of drug concentration 

One of the most mterestmg findmgs has been a complete lack of correlation 
m the behaviour of the same antagomst when tested against two different drugs 
This apphes both to time-action and concentration-action relations Thus, the 
effect of neoantergan after the first 2 mm contact mcreases httle further agamst 
acetylcholme, but contmues to mcrease steeply agamst histamme As for con- 
centration-action curves, atropme has a steep concentration-action curve agamst 
acetylcholme and a relatively fiat one agamst histamme These results suggest 
that when the same antagomst antagonizes two different drugs the mechanisms 
involved may be quite different 

After-effects of antagonists — ^The rate of recovery after the antagonist has 
been removed from the bath vanes m much the same way as the rate of develop- 
ment of the effects, and here agam the same antagonist may be persistent when 
assayed agamst histamme and non-persistent agamst acetylcholme and vice 
versa Fig 5 shows examples of slow (neoantergan) and qmck (beuadryl) 
recovery from antagomsts on the same preparation 

A cunous after-effect which occurred at tunes, especially with neoantergan, 
IS shown m Fig 9 (p 205) the maximum depression of the effect of histamme 
did not take place m the presence of neoantergan, but shortly after it had been 
removed from the bath, as if the act of washmg out the antagomst had further 
mcreased its effect 


Variability of pA Determinations 

Determmations of pA, pethidme-histamme were made m 19 different expen- 
ments spread over a period of over one year The results were distnbuted as 
shown m Fig 10 The vanations of pA mdicate a 3 2-fold (or, omitting one 
result, 2 4-fold) vanation m the sensitivity of the tissue The shape of the 
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distribution curve suggests sampling from a non-homogeneous population In 
10 of these expenments two or more pA, determinations were made on the same 
gut and consequently variation between animals could be compared with varia- 
tion m successive tests on the same animal by means of Fisher’s Z test The 
resultmg Z value was highly significant, suggestmg that there is true vanation 
between gumea-pigs m their sensitivity to antagomsts 


TABLE n 

RESULTS OF pA DETERNUNATIONS 

The total number of individual determmations is given, in parentheses and a is the 

standard deviation 


o 

> to 

Antagonist 

pAo 

pAio 


2 ram 

14 mm 

2 mm 

14 mm 

o 

c 

“S 

Atropme 

8 27 (11) 

CT -= 0 11 

8 61 (11) 

<7 0 15 

7 72 (3) 

<7 - 0 07 

8 05 (3) 

<7 = 0 13 

Benadryl 

6 49 (3) 
or = 0 07 

6 57 (3) 

<7 •= 0 09 

5 36 (2) 
a - 006 

5 4(2) 
cr — 0 04 

8 

< 

1 

Pethidine 

5 79 (3) 
a » 0 07 

5 84 (4) 
or == 0 14 

4 7(4) 

C7 “ 0 05 

4 76 (5) 

<7 = 015 

j 

Neoantergan 

4 71 (2) 
cr ■“ 0 06 

4 86 (2) 
<7-0 09 




Neoantergan 

8 71 (4) 
a - 0 15 

9 46 (5) 

<7 - 022 

7 99 (1) 

8 36 (1) 

o 

c 

a 

Benadryl 

7 75 (8) 
or = 0 1 1 

1 

8 02 (9) 

<7 = 0 28 

6 74 (4) 
<7-0 11 

7 02 (4) 

<7 - 031 

■S 

c/5 

Pethidine 

1 

5 78 (19) 

(7 «= 0 14 

1 

6 13(5) 

<7 = 0 46 

4 84 (5) 

<7 - 0 17 

5 0(5) 
<7-0 21 


1 

Atropine 

5 73 (3) 

0- - 0 22 

5 64 (3) ! 

a .= 0 18 

4 63 (3) 
<7-0 24 

4 6(3) 
a - 024 


pA measurements are more variable after long periods of contact with 
the antagomst than after short penods The followmg standard deviations 
summarize the variation encountered for the four different types of pA 
measurements 



Standard 

Degrees 


deviation 

of freedom 

pA. 2 mm contact* 

0 13 

31 

pA,o 2 mm contact 

0 14 

15 

pAj 14 mm contact 

0 25 

34 

pA,8 14 mm contact 

022 

16 

*Omittmg 

pethidme-faistamme 
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The standard deviation is nearly twice as great after 14 mm as after 2 mm 
This IS somewhat surpnsmg, smce vanation might be expected to become less as 
equilibnum conditions were approached The mcrease m variabihty may be 
partly due to spontaneous changes m sensitivity of the preparation dunng the 
longer period of contact. 

8 


6 


>- 

u 

z 

LU 

D 4 

a 

LU 

cC 

u. 


2 


5 35 S65 5 95 pAz 

Fig 10 — Frequency distnbution of pA values for pethidme- 
histamme obtained after 2 min contact between drug and 
antagonist , 19 expenments 

The Use of Comparative Assays for Determining pAa 

It has been shown that animals vary m then sensitivity towards mdividual 
antagonists and that this variation is greater when the penod of contact of 
antagomst with tissue is long than when it is short It seemed possible that some 
of this vanability might be elunmated m a comparative assay m which one 
antagonist was pitted against another antagomst Such an experiment, mvolvmg 
repeated injections of each antagonist, might possibly be earned out on a smgle 
piece of gut so long as excessive depression by the antagonists was prevented by 
keepmg the penods of contact short and by givmg numerous “ recovery ” 
mjections of the stunulant drug, after washmg out the antagonist 

Sue expenments e\ere performed in which the action of pethidme towards histamine 
was compared with that of atropine on a smgle preparation The expenmental plan of 
these assajs was similar to one previously used by the author (Schild, 1942) for histamine 
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assays In the histamine assay only two concentrations of the standard and two of the 
unknown are used These concentrations are given in a random order in successive 
“ randomized groups ” of four, and tlic results are eventually computed and analysed statis- 
tically on the assumption of a linear relation betw'een log dose and effect In the present 
expenments the place of four concentrations of histamine is taken by two concentrations 
of each antagonist administered 2 mm before the injection of a constant dose of histamine 
In addition several injections of histammc alone arc given following each administration of 
the antagomst until the sensitivity to histamine has been apparently restored Fig 1 1 shows 
parts of two such expenments In both cases a “ randomized group ” of four doses of 
antagonist is represented, a complete experiment consisting of several (2-4) such “ random- 


R58 



R68 



Fig 11 — Comparisons of activity of pethidine and atropine to- 
wards histamine on a single piece of gut Extracts from two 
such expenments The sohd Imes represent effects of hista- 
mme m the presence of an antagomst which has previously 
been m contact with the tissue for 2 mm , the dotted lines the 
effects of the same dose of histamine alone admmistered at 
3 mm intervals until sensitivity is restored As far as possible 
approximately equally depressant doses of pethidine and atro- 
pme were used, pethidine being more than twice as active as 
atropine The final ratio of activity is calculated by assuming 
a common slope for the two antagonists and a linear relation 
between log concentration and effect 


ized groups” In one of these expenments the antagonists produced little after-effect, m 
the other a prolonged depression necessitating many “ recovery ” mjections In all the 
expenments statistical analysis showed satisfactory parallelism between atropine and pethi- 
dme slopes The results of these comparisons, which were done at vanous times and on 
different stocks, were remarkably constant The following figures of the logarithm of the 
ratio pethidme/atropme were obtained 0 33, 0 36, 0 37, 0 34, 0 3, 0 33 

pA^ atropme-histamine by direct and mduect method — ^pA values may be 
determined directly without reference to another antagonist, or mdirectly, by 
measurmg m a comparative assay, such as the one outlmed above, the activity 
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of an unknown antagonist in relation to one whose pA i^ already estabhshed, 
and computmg the unknown pA by addmg to the known pA the logarithm of 
the ratio of molar activity of the two antagomsts Thus 

pA- (atropme-histamme, 2 mm)=pAj (pethidme-histamme, 2 mm) -0 34 

=5 78-0 34=5 44 

This method would seem to be economical provided that the results agree 
with those of direct determmations , this, however, is not entirely the case There 
IS a shght discrepancy between direct and indirect pA determmations which 
suggests that, although m comparmg the activity,, of antagonists on a smgle piece 
of gut a 2 mm penod of contact was adhered to, the gut responded in fact 
as if the penod of contact had been longer Indeed, the results ngree better 
wiili direct pA, determmations done after 14 mm contact, as the followmg data 
show 



pA- 

Companson 

pA, 


(2 mm 

on same gut 

(14 mm 


contact) 

(2 min contact) 

contact) 

Pethidine histamine 

5 78 


613 

Atropine-histamine 

5 73 


564 

Log ratio Pf 

0 05 

0 34 

0 49 

atropme 





These results might be explained by assuming that m companng antagonists on a single 
preparation they are never completely removed m spite of repeated washmgs 

In comparing two antagonists on the same gut the result may be vitiated by certam 
systematic errors unless care is taken that the effect of a previous dose has subsided at the 
(imc the next dose is added, especially when the two antagonists have different modes of 
action The following example illustrates the pomt 

Antagonist (a) is to be compared with antagonist (b) , their effects are additive but (a) 
has a persistent action and (b) a readily reversible action Wben (a) is added to the bath 
some of Its effect persists after it has been removed If a depression is produced by (a) and 
matched at the next injection by a depression produced by (b) the real effect of the latter, 
acting as it does on a depressed preparation, is less than it appears At the next mjection 
the same concentration of (a) reproduces its old action, the effect of (b) having worn off 

Comparison of antagomsts on separate pieces of the same gut — ^In these 
experiments direct pA determinations on two difierent antagomsts were done 
simultaneously usmg a separate piece of gut for each antagomst and each con- 
centration, all the segments bemg taken from the same gumea-pig Vanability 
between gumea-pigs was thus elimmated 

An experiment of this kmd comparing the action of neoantergan and 
benadryl towards histamme is illustrated m Fig 5 The results of this and two 
further sunilar experiments ate shown m Table ni 

The followmg pomts may be noted 

(i) The difference between pA. values at 2 min contact is remarkably constant, more 
constant than the absolute values This confirms previous conclusions that the gut vanes 
simultaneously m sensitivity towards different antagonists 
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(n) Increase of activity with time (pA, 14 min -pA. 2 min ) vanes, but it is m each case 
considerably greater with ncoantcrgan than with benadryl 

(in) At 14 mm pA; values and their differences vary more than at 2 min This confirms 
previous conclusions 

In conclusion it may be said that comparative measurements definitely 
elimmate a certain amount of variation Comparisons on a smgle piece of gut 


TABLE m 

pA; KEOANTERGAN-HlSTMnNE AND BENADRYL-HISTAMINE DETERMINED IN THE SAME 
EXPERIMENT USING A SEPARATE PIECE OF ILCUM FOR EACH CONCENTRATION OF ANTAGONIST 




pA; values 

pA. neoantergan 



neoantergan 

benadryl 

— pAj benadryl 

R205 

T 

8 91 

7 94 

0 97 


14' 

9 76 

i 8 35 

1 41 


14'-2' 

0 85 

041 


R206 

2' 

8 61 

i 7 66 

0 95 


14' 

9 60 

7 78 

1 82 


j 14'-2' 

0 99 

0 12 


RJ207 

1 2' ! 

8 65 

7 75 

0,90 


14' 

9 36 

8 26 

1 10 


14'-2' 

0 71 

0 51 



are efficient m the sense of allowmg many detenmnations to be made in a 
relatively short tune, but they may be affected by systematic errors owmg to 
persistence of antagomstic effects Comparisons on separate pieces of gut are 
labonous but free from objections and give a more complete picture, smee the 
time factor may be taken mto account 

Discussion 

Clark and Raventos (1937) proposed to use as a measure of activity of an 
antagomst the concentration which would neutralize" the effect of a tenfold 
mcrease of active drug One of the chief ments of this measure is that bemg a 
null measure, and mvolvmg no change in response, it is mdependent of the 
method of experimentation used, and yields results on different preparations 
which are directly comparable 

pA IS based on the same idea as the measure adopted by Qark and Raventos, 
but it is expressed m a rather more convement form It may be used to define 
the activity and specificity of an antagonist, its tune-action relations and the 
trend of its concentration-action curve pA values are additive , for mstance, 
m order to express the total activity of a compound agamst both histamme and 
acetylchohne, the respective pA values may be added together 
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Tlie activity of an antagonistic drug may be expressed m one of two ways, 
by reference to another antagonist or by some measurement not mvolvmg a 
comparison with another drug Smce the acUvity of a drug cannot as a rule be 
expressed accurately m terms of another drug which is quahtatively different, 
the comparative method gives an mcomplete and often misleadmg picture of the 
activity of an antagomst Moreover, unless a definite common standard has 
been agreed upon, results from different laboratones are difficult to correlate 
Comparisons may nevertheless be useful m practice owmg to their greater 
economy of tune and effort, especially when a senes of related compounds is 
being mvestigated withm the same laboratory This question has been discussed 
in detail above 

The real test of the usefulness of a measure of drug antagomsm is whether 
the results can be reproduced m another laboratory Variations occurrmg 
withm the same laboratory can be overcome by repeatmg the experiment and 
by random selection of experimental animals, but systematic vanations between 
different laboratones present a more difficult problem At present it is not 
known whether pA wiU be affected by such systematic vanations or whether 
results m different laboratories will fall withm the range of variations obtamed 
with a highly mixed stock of animals m an individual laboratory If important 
variations m sensitivity between laboratones should occur, one way of elimmatmg 
them would be to use m this type of work a homogeneous stram of gumea-pigs, 
available to all the laboratones concerned Failmg this, it might become neces 
sary to faU back on the method of estabhshmg differences of pA between 
antagonists rather than absolute pA values m the hope that the former would 
be less subject to laboratory variation than the latter The use of an agreed 
measure of drug antagomsm should, at least, make it easier to detect the 
occurrence and extent of such vanations 

Summary 

1 Qark and Raventos (1937) suggested a method of estimatmg antagonistic 
power m terms of “ the concentration of antagonist which altered by a selected 
proportion (e g , tenfold) the concentration of an active drug needed to produce 
a selected effect ” The negative loganthm of this (molar) concentration has 
been termed pA^, where x is the proportion selected On the gumea-pig’s ileum 
the \ alue of pA appears to be mdependent of the degree of contraction produced 
by the actne drug Methods are descnbed for determmmg the value of pA 

2 pA IS a statistical constant To obtam a representative value of pA for 
a gnen tissue, antagonist, and active drug, the mean of a random sample of 
determmations on different mdividual animals must be determmed pA values 
\\ ere found to vary by 0 4 to 0 5 of a unit when *the period of contact of the 
muscle with the antagonist was short , at long periods of contact variability was 
mcreased Variability may be reduced by comparmg the activity of one 



DRUG ANTAGONISM 


205 


N-Ant 

1 1000 million 

. ^ 


N-Aut 

1.5,000 million. 



N-Ant 

1 1,000 mill ion 


imiininiaj!!! 


t - — 

B 


1- 


mmiswi 

if'jissss^^ns 


uMumumuMmBW 

WiS 


Ben ” 

TIOOttHttlori 
. 1 1 


I • I 




Ben „ . . '"Ben 

1 SOOmlUton >j_ 1 lOOmllUon 

— ^ — I n r— !-n_ 


_l — 

1 

. 1 

1 

.III 

V 

■ 1 ' ' ’ 1 

w 

W 



t 

I 

' l . ' ' 1 

• 1 

i'* 

1 ' 1 


t 

1 ’ 

J 

t 

« t 

1 

1 

T 

i 

t f 

1 


c 

D 




Fig 5 — Neoantergan-histamine and benadryl-histamine Complete pA. assay The whole 
assay of the two antagonists was done on the same animal , a separate piece of ileum 
was used for each concentration of antagonist Before the addition of the antagonist 
the preparations were stabilized by a series of preliminary histamine injections 
A-B 0 5 /ig histamine, Tyrode B-C 1 0 /ig histamine, antagonistic solution 
C-D 1 0 MS histamine, Tyrode D maximum effects Bath voIume=18 cc 


Fig 9 — Neoantergan-histamine 
After-effect of antagonist 
Immediately after removal 
of the antagonistic drug 
from the bath there is a 
further increase of depres- 
sion Hj=double dose of 
histamine 
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antagonist with that of another Methods are described for making such com- 
parisons in an efficient way and possible objections to a comparative method 
are discussed 

3 The activity of neoantergan, benadryl, pethidine, and atropine in antagon- 
izing histamine and acetylcholine has been determmed in terms of pA on the 
guinea-pig’s ileum All these antagonists act against both histamme and acetyl- 
choline, though at widely differing concentrations and in a qualitatively different 
way, as shown, for instance, by the time taken for equilibrium conditions to be 
reached By characterizing each drug-antagonist pair by four pA values a more 
complete picture can be obtained of activity as mfluenced by duration of action 
and by concentration 

[ am indebted to Dr F Bergcl, of Roche Products Ltd for supplying Pethidine , to 
D J S White, ot Parke Davis & Co for Benadryl , and to Dr R Wien, of May & Baker, 
•or N>.odntergan The special armatures for converting PO relays into fluid switches were 
dt' ened and made by Mr B F Ballhatchet The drawings arc by Mr A Boura 
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SOME ACTIONS OF 

^-HYDROXY-a/3-DIPHENYLETHYLAMINE 

BY 

C B B DOWNMAN 

From the Sherrmgton School of Physiology, St Thomas’s Hospital, London, S E 1 

(Recched March 12 1947) 

Morphine being a pharmacologically active derivative of phenanthrene 
Dodds, Lawson, and Williams (1944a) sought a morphine analogue on the same 
Imes as their discovery of stilboestrol — an intensely active analogue of another 
phenanthrene derivative, oestradiol They found that diphenylethylamine and 
seventeen related compounds possessed in differing degrees some of the properties 
of morphme , these were depression of righting reflex in rats, elevation of blood 
sugar m rabbits, and hyperexcitabihty, pupil dilatation, and vomiting m cats 
Some compounds of this senes also possessed some analgesic properties when 
tested clinically Of these the most promising was diphenylethanolamine or 
i8-hydroxy-a/3-diphenylethylamme, which may be considered to have the same 
structural relation to morphine as stilboestrol has to oestradiol Later (Dodds 
et al , 1944b) it was shown to be effective only in cases where the pam was 
associated with pressure on nerves The possible therapeutic uses of this 
substance, called M4 in their senes, justified an investigation of its general 
pharmacological actions 

Tiffeneau, Levy, and Boyer (1928) found that diphenylethanolamine caused 
weakening of the beat and slowing of the isolated snail and frog heart, and 
also of the exposed heart of chloralosed dogs The substance also caused 
relaxation of isolated intestine, transient fall of artenal pressure in chloralosed 
dogs, but gave a vasoconstnction of the perfused isolated frog leg Hasama 
(1930) showed that the fall of blood pressure induced by the substance m 
urethanized rabbits was still obtained after vagotomy or atropme The vessels 
of the isolated rabbit ear were dilated by diphenylethanolamine, even m the 
presence of atropme , smce the dilator action could antagonize barium chlonde 
vasoconstriction Hasama suggested that the activities of the substance were the 
result of a dnect toxic action on smooth muscle Tamter (1933) and Dodds, 
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Lawson, and Williams (1944a) also noted the depressor action and the latter 
authors commented on the dilatation of the pupil and general hyperexcitabihty 
of unanaesthetized cats followmg intramuscular injection of the substance 
In this paper is presented confirmation and extension of the previous work 
with an analysis of the site of action of the substance The actions of i3-hydroxy- 
a/?-diphenylethylamine hydrochlonde, which will be referred to as M4, were 
tested on the following mammalian tissues (a) small intestine, (b) cardiovascular 
system, (c) the pupil of the eye 


Methods 

For studies on isolated intestines and heart, rabbits were killed by stunning Pieces of 
small intestine were suspended in a bath of oxygenated Tyrode solution (formula in Bayliss, 
1924) at 37-38° C and pH 7 4, and the contractions of the longitudinal muscles recorded 
The coronary arteries of the heart were perfused with oxygenated Ringer-Locke solution 
(formula in Bain 1938) at 37-38 C and pH 7 4, through a 'cannula in the aorta, move- 
ments of the nght ventncle were recorded, the heart being steadied by pinning the apex 
For perfusion of the hind quarters, rabbits and cats were used , the former were killed by 
stunning, the latter had been anaesthetized with chloralose (60-80 mg /kg mtravenously) 
for other experiments A cannula was inserted in the lower aorta and the legs were perfused 
with Rmger-Locke solution at 38 C and pH 7 4 by a Dale-Schuster perfusion pump, the 
inflow pressure being recorded with a mercury manometer 

Blood pressure changes were recorded in cats anaesthetized with chloralose (60 mg /kg 
intravenously in preliminary ether anaesthesia) or with nembutal (0 5 c c nembutal solution 
(Abbott)/kg mtrapentoneally) Carotid artenal pressure was recorded by a mercury 
manometer To assess the action of M4 on the vessels of different tissues the volumes 
of a hind paw, of the opposite skinned hind leg, and of a 2-in length of small intestine 
were recorded optically on photosensitive paper (Downman, Goggio, McSwiney, and Young, 
1943) m these expenments the artenal pressure was also recorded optically on the same 
paper The organs were enclosed in plethysmographs, the leg plethysmograph enclosing 
the skinned leg from upper thigh to ankle, but the skin of the same paw and its venous 
drainage were left intact outside the plethysmograph 

For experiments on the pupils of cats, sht-hke pupils were produced in two ways 
First the animals were anaesthetized with chloralose (80 mg /kg intravenously) given in 
preliminary ether anaesthesia (McDowall, 1925 , Bam, Irving and McSwiney, 1935) 
Secondly, under ether anaesthesia cats were decerebrated through a trephine opening in 
the cranium, the plane of section curving downwards and forwards from the upper edge 
of the infenor colliculi to the sphenoid eminence, leaving the hypothalamus and adjoining 
structures intact The carotid artenes were temporanly occluded by clips and the vertebral 
arteries by digital pressure, but they were released as soon as possible As the animal 
excreted its ether the pupils closed down to slits If restoration of blood flow to the brain 
stem was delayed too long the pupils might not constrict The occulomotor nerve could 
be exposed by teanng the dural covenng over it on its way to the orbit 

Stock solutions of M4 were made by dissolving the hydrochlonde in distilled water, 
without heat to give 2 or 5 per cent (w/v) solutions Dilutions were made from the stock 
solution into the appropnate physiological salt solution It should be noted that solutions 
of M4 are acid, and simple neutralization throws the base out of solution All doses are in 
terms of the hydrochlonde InjecUons into the cat were made into the superficial vein of 
the nght foreleg 
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. . _ „ , , Results 

{a) Small intestine 

Isolated small intestine of rabbit was relaxed by M4 and the rhythmic move- 
ments diminished in amplitude The lowest concentration found effective was 
1 in 20,000 The loss of tone was rapid at first, but was followed by prompt 
recovery of tone and activity on washing (Fig 1) M4 was active on the 
atropinized intestine and antagonized the spasm 
produced by acetylcholine, esenne, prostigmine, and 
barium chloride Whereas M4 relaxed the gut, 
similar concentrations of morphine sulphate pro- 

duced a slow increase of tonus ' 

Aqueous solutions of M4 being acid — e g , 
pH 5 3 for 2 per cent (w / v) solution — it might be 
argued that the spasmolytic action represents no ^ 

more than the action of an acid solution Indeed 
there was a noticeable fall of pH, shown by adding 
phenol red to the Tyrode solution, after addition of J 

an active quantity of M4 Advantage was taken * 

of the buffering power of plasma The pH of 
heparinized rabbit plasma was 7 40 After the ' 

addition of 1 volume of 2 per cent (w/v) aqueous I i 

solution of M4 to 4 volumes of plasma the pH of |j ' 

the mixture, measured with a glass electrode pH y ' 

meter, was the same as that of the original plasma > 

The buffered M4 produced the same changes of ^ W W 

intestinal activity as unbuffered M4, when each was 

added to the Tyrode bathing the intestine to the fig 1 —Action of hydroxy- 
same final concentration of M4 diphenylethylamme 


t t 

W W 


Fig 1 — Action of hydroxy- 
diphe nylethylamine 
upon longitudinal move- 

(b) Cardiovascular system nui^l‘% uVp endt 'd^’m 

Isolated rabbit heart -0 I to 0 2 cc of 2 per 
cent (w/v) solution of M4 injected quickly mto the solution to give a final 

perfusion cannula produced a sharp decrease of wash”” Tirne’^s?gn^= 

amplitude, with not more than 15 per cent slowing 30 sec 

of the beat The heart recovered steadily in the 

next 5 minutes Similar results were recorded when the same doses of M4 were 
diluted with 0 8 c c rabbit plasma before injection, whereas plasma alone usually 
produced a slight increase in the amplitude of beat 


Faradizmg a vagus nerve supplying the isolated heart caused slowing and 
weakenmg of the beat At the height of the M4 action vagal stimulation 
produced no or but slight slowing of the beat It was noticed also that the 
amplitude of the beat might be a little increased dunng the stimulation 
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V I Ach M4 V Achj V Ach | V Ach 

25 sec ' 42 sec 15 min 


Fig 2 — Action of hydroxy-diphenylethylamine on the isolated perfused rabbit 
heart Tracing shows movements of right ventricle M4 = injection of 2 mg 
hydroxy-diphenylethylamine HCl into aortic perfusion cannula, buffered by 
mixmg 1 vol 2 per cent solution of M4 with 4 vol rabbit plasma Ach = 
injection of 2 jig acetylchohne m 02 cc Ringer-Locke solution V=faradic 
stimulation of vagus nerve on the oesophagus Time tracing = 5 sec 


(Fig 2) The vagal inhibitory action returned as the heart itself recovered from 
the influence of the M4, but the full return of vagal response was not seen until 
some 5 mmutes after the amplitude of the heart beat had fully recovered The 
response to acetylcholine — e g,l/ig mOlcc Ringer Locke — was also reduced, 
and vagal and acetylcholme action was recovered at about the same speed 
M4 action on the heart was not influenced by pnor atropmization Followmg 


PP 
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Fig 3 — Vasodilator action of hydroxy- 
diphenylethylamine and of acetylcho- 
line compared in cat hindquarters per- 
fused Ringer-Locke solution, pH 7 5, 
containing 1 500,000 adrenabne 

Ach = 3 acetylcholine M4=2 mg 
hydroxy-diphenylethylamine HCl Time 
signal = 30 sec Perfusion pressure 
(P P ) in mm Hg 


a depressant dose of M4 the action 
of adrenaline was reduced but not 
abolished 

Perfused hind limb — In order to 
demonstrate the action of M4 or any 
vasodilator drug the tone of the vessels 
was raised by addmg adrenalme to the 
perfusion fluid m a concentration of 
2x10'^ to 3x10’^ M4 now pro- 
duced a transient dilatation of the hmb 
vessels, shown by a fall of the per- 
fusion pressure head (Fig 3) This 
dilator response, which was mmiicked 
by 0 05 to 01 cc Nf 10 hydrochlonc 
acid, cannot be attributed solely to the 
mjection of an acid solution It was 
obtamed when the M4 was buffered 
adequately with plasma, as descnbed 
above, although plasma injected alone 
produced a small nse of perfusion 
pressure 
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The dilator action of M4 was seen when the limb vessels were constricted 
not only by adrenaline but also by posterior pituitary extract or barium chloride 

Vascular responses in anaesthetized cats — Intravenous injection of M4 
dissolved in 0 9 per cent sodium chloride solution produced a temporary fall 
of general arterial pressure (Fig 4) With small doses arterial pressure recovered 


r-90 



M4 V V V 


Fig 4 — Depressor action of hydroxy-diphenylethylamine, 20 mg i v , upon carotid arterial 
pressure of chloralosed cat (Signal for injection is 10 sec late) V=faradic stimula- 
tion of peripheral end of cut nght vagus nerve in neck Time tracing=10 sec BP 
calibration in mm Hg 

quickly and was usually followed by a small but prolonged hypertension In 
chloralosed cats 10 mg M4/kg produced about a 40-mm Hg fall of blood 
pressure with recovery in two minutes, while 50 mg /kg led to a 75-mm Hg 
fall of pressure with cardiac irregularity Doses over 50 mg /kg caused cessation 
of breathing for periods up to 25 minutes 

Accompanying the fall of arterial pressure there was a rapid decrease of 
volume of the paw, skinned limb, and mtestine At the same time the pulsations 
in these organs decreased m amplitude As the arterial pressure recovered the 
organ volume and the amplitude of the pulsations returned Similar changes 
were seen after bilateral vagotomy in the neck and inactivation of both carotid 
sinuses by tying the arterial trunks close to the sinus where they entered and 
left the structure The shrinkage of the peripheral organs started at the same 
time m each of them and did not commence until the central arterial pressure 
had already fallen a little (Fig 5) 

The loss of vagus action m the presence of M4 could be shown m the intact 
animal by comparing the depressor response to faradizing the penpheral end 
of the cut right vagus nerve m the neck before and after injection of a dose of 
M4 which produced a prolonged action The fall of pressure became smaller 
and the vagal inhibition of heart rate was much reduced , as in the isolated 
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Fig 5 — Optical record of carotid arterial pressure, with 
volumes of left hind paw, skinned right hind leg, and 
segment of Jejunum Cat nembutal i p At signal 30 mg 
hydroxy-diphenylethylamine iv Time marking = 10 sec 
B P calibration in mm Hg Arrows show direction of 
vasodilatation 

heart, as blood pressure recovered so the vagus responses recovered, but the 
latter was not complete until some I to 5 minutes after the end of the M4 
depressor response (Fig 4) 

(c) Action on the pupil 

In the chloralosed or decerebrated cat with slit-like pupils intravenous 
injection of M4, in doses of 12 mg /kg or more, produced a rapid wide 
dilatation of the pupil with slow recovery The whole effect lasted 10 to 30 
minutes, and was not altered by cutting both cervical sympathetic chains in 
the neck In cats with one oculomotor nerve severed it was possible to follow 
the dilator action of M4 upon the contralateral normal eye. and at the same time 
to test the ability of the oculomotor nerve to constnct the pupil by faradizmg 
the peripheral end of the cut nerve With the nerve severed the pupil was 
widely dilated, but constricted to a slit when the nerve was stimulated At 
the height of the M4 action, as judged by the dilatation produced in the normally 
innervated eye, the constrictor effect of oculomotor stimulation was quite absent 
As the pupil dilator action of M4 receded, so the ability of oculomotor nerve 
impulses to produce pupil constriction returned Even when oculomotor action 
on the pupil was paralysed, stimulating the nerve still produced the usual 
rotation of the eyeball and enophthalmos Stimulating the peripheral cut end 
of the cervical sympathetic chain in the neck produced a further slight dilatation 
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of the pupil when the latter was apparently fully dilated by M4, as well as 
movement of the nictitating membrane 

M4 could antagonize the action of eserine This was shown by cuttmg the 
oculomotor nerve on one side and then constrictmg the paralysed pupil by 
mstiUmg mto the conjunctival sac 0 65 mg eserine sulphate (1 Burroughs 
Wellcome “ Tabloid ”) Intravenous mjection of a dose of M4, which produced 
full dilatation of the normal pupil, produced one-third dilatation of the esenmzed 
pupil 

Stereoisomers of hydroxy-diphenylethylamme 

There bemg two assymmetnc carbon atoms m the molecule two optically 
inactive stereoisomers are possible, the normal form (M4 itself) and an iso 
form Each of these can be resolved mto two optically active enantiomorphs 
- A comparison of the activities of these various isomers was attempted, usmg 
rabbit jejunum as the test object More regular responses were produced if 
the gut was brought mto high tone by suspending it m Tyrode solution to 
which eserme sulphate was added m a concentration of 1 4 milhon The 
isomers were added to the gut bath as 2 per cent (w/v) solutions m water m 
an amount producmg about half the maximum relaxation of the gut The 
gut was exposed to each isomer for 5 mmutes, then washed twice with Tyrode 
solution m the next 10 mmutes Even with this long exposure some pieces of 
gut did not reach then- final length as the relaxation was rapid for the first 
two or three mmutes and then proceeded very slowly 

Comparmg the relaxation produced by similar concentrations of the isomers, 
1 15,000, the activities of the isomers could be hsted as l-isQ'>d-noTm^\'>dl-iso 
>J/-normal>rf-/jo The 1-normal form was not available Equal relaxation 
was produced by 1 20,000 of the l-iso and 1 12,000 of the d-iso It is difficult 
to assess the value of these results Although there is a consistent difference 
between the l-iso and d-tso form, the activities of the first four isomers hsted 
are very sumlar Companson of the vasodepressor action in the chloralosed 
or spmal cat was less successful The responses to similar doses of the 
isomers were not always consistent, and might change durmg the experunent, but 
the results did not suggest any such difference of activity as shown by the gut 

Discussion 

Although hydroxy-diphenylethylamme (M4) apparently resembles morphme 
m havmg analgesic action, Dodds, Lawson, and WiUiams (1944) showed that 
these two substances probably act m different ways Sunilarly, the previous 
results show that the general activities are also different M4 is m general a 
depressor of smooth muscle action Also it has an action which may for the 
moment be called “ atropme-hke ” 

T 
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It has been shovm that the drug relaxes intestinal muscle and reduces the 
amphtude of the rhythmic contractions This action is reversible and can be 
exerted agamst substances, such as banum chlonde, which raise the tonus of 
the muscle A similar spasmolytic action is produced m the blood vessels 
These actions might all be explained by a general toxic action which directly 
reduces the power of the muscle to contract Such a depressant action is seen 
m the heart, where M4 reduces considerably the amphtude but not the frequency 
of the beat That this effect is not due to a parasympathomimetic action of 
the drug is shown by its occurrence m the atropinized heart These findmgs 
agree with the reports of previous workers 

In view of the depressor action of M4 it could be argued that the fall of 
arterial pressure is a consequence of a peripheral vasodilatation, especially as 
M4 does have such an action m the isolated perfused limb The sunultaneous 
recording of paw, skinned limb, and mtestme volumes shows however that in 
the whole animal the fall of artenal pressure is accompamed by a shrinkage of 
these organs Smce M4 is an active vasodilator m the isolated perfused lunb, 
with mamtained mflow, it seems that m the whole animal there is produced a 
passive vasoconstnction consequent upon the fall of artenal pressure This is 
confirmed by the fall of pressure startmg demonstrably earher than the volume 
changes of skin, skeletal muscle, or mtestme The mitial rapid fall of blood 
pressure on mjectmg M4 seems, therefore, to be due to a reduction of heart 
output because of the toxic action of the drug on the heart muscle This toxic 
action IS well shown on the isolated heart preparation 

The dilator action on the pupil m the unanaesthetized cat might be due to 
some central action m the bram stem or to a peripheral paralysis of the ms 
That the neuromuscular mechanism of the ins is influenced directly is shown 
by the meffectiveness of the oculomotor nerve stimulation m the presence of-a 
dilator concentration of M4 It is probable, therefore, that a penpheral action 
would explam the pupil dilatation observed by Dodds and his colleagues It 
IS to be noted m the paper by Dodds, Lawson, and Wilhams that a dose of M4 
which produced general hyperexcitabihty (20 mg /kg mtramuscularly) was less 
than the pupil-dilatmg dose (50 mg /kg ) A general toxic action on the whole 
neuromuscular mechamsm does not seem to be an adequate explanation of the 
oculomotor paralysis The dilator action of the sympathetic fibres was still 
present, argumg agamst an mabihty of the muscle fibres of the ms to react to 
nerve impulses , further, conduction m the oculomotor nerve was not impaired 
because it could still carry nerve impulses to the extraocular muscles, producing 
movement of the eyeball The action of M4 on the pupil seems to be of an 
atropme-like nature, blockmg conduction at the parasympathetic terminals This 
action is, however, of short duration and is produced only m concentrations 
which have direct toxic actions on other smooth muscle 

The abfiity of M4 to block the action of parasympathetic nerve impulses 
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IS seen also m its effect upon the vagal control of heart rate This action has 
been observed only after doses of M4 sufficient to produce severe weakening 
of the beat, but does persist for a few minutes after the visible signs of this 
depression have worn off It will be recalled that certain barbiturates produce 
a similar transient blocking of parasympathetic impulses and there is some 
evidence that the site of the block may be either m the ganglion or at the 
neuromuscular junction Thus Koppanyi, Lmegar, and Dille (1935) showed 
that some barbiturates, other than thiobarbiturates, produced a transient loss of 
vagal action and the evidence suggests that the site of action of the drug is mamly 
at the vagus ganglion , Stravraky (1931) showed that amytal paralyses the 
submaxiUary glands to chorda tympam stimulation, and smce the acetylcholme 
response is also paralysed it appears that the drug acts on the nerve terminals 
or the secretory cells Garry (1930) also has shown that amytal temporarily 
abolishes the action of the vagus nerve on the heart m cats and rabbits, the 
effect passmg off much more rapidly in the rabbits , the action of acetylcholme 
on the frog heart was unchanged, but vagal activity was not tested at the same 
time m this animal In the heart both vagal and acetylcholme activities are 
paralysed by M4 to the same degree, but whether this should be compared with 
the action of atropme is debatable, smce M4 is so toxic to the heart muscle It 
IS possible that the effect represents no more than a general toxic action which 
takes a httle more time to recede from the more fragile place where acetylcholme 
acts The observations on the pupil, however, suggest that toxic and “ atropme- 
like” action may be separate entities It is cunous that although M4 reduces 
the force of the heart beat very greatly it has relatively httle action on the rate 
of firmg of the pacemaker 

Although many of the actions of M4 may be due to non-specific depression 
of the tissues, there seems to be stimulation of some parts of the central nervous 
system General bodily activity is mcreased (Dodds et aha, 1944), an action 
shown by diphenylethylamme (Tamter, Ludvena, Lackey, and Neuru, 1942) , 
some related compounds will even cause convulsions m cats Some of the 
diphenylethylamme compounds also cause a nse of blood sugar (Dodds et aha, 
1944), but the abihty to cause hyperexcitabihty and raise the blood sugar are 
dissociated m M4, this substance producmg hyperexcitabihty without hyper- 
glycaemia Clearly it would be of mterest to know more of the cause of the 
hyperglycaemia provoked by other diphenylethylamme derivatives 

Summary 

A morphme analogue, j8-hydroxy-a/S-diphenylethylamme, has the followmg 
actions 

1 It relaxes isolated mtestme, even m the presence of acetylcholme, eserme, 
prostigmme, or barium chlonde 
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2 The contraction of the isolated heart is reduced in amplitude, this action 
bemg unaffected by previous atropmization Loss of response to vagal impulses 
and to acetylcholme is also produced 

3 It causes a fall of arterial pressure, with peripheral vasoconstriction The 
latter is a passive effect In the isolated perfused limb active dilatation is 
produced 

4 It produces pupil dilatation m chloralosed and decerebrated cats by an 
action on the oculomotor nerve terminals m the ins 

5 These results might be explained by a direct toxic action of the drug on 
the active tissue 

This investigation was undertaken after a suggestion by Prof E C Dodds, M V 0 , 
F R S , whom I have to thank for ongmal supphes of M4 and its isomers The M4 was 
made by Boots Pure Drug Co , Ltd , to whom thanks are due During the work much 
valuable assistance was given by Miss J G Emmett, of Boots Pure Drug Co , Ltd , working 
in this laboratory 
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THE THERAPEUTIC ACTION OF SOME 
KNOWN AMOEBICIDES IN RATS . 

BY 

W R JONES 

From the Biological Laboratories, Imperial Chemical Industries, Ltd , ' 
Hexagon House, Blackley, Manchester, 9 

(ReceBcd March 31 1947) 

Three mam types of drug are used in the treatment of human amoebiasis 
firstly, drugs of the emetme type, eg emetme hydrochloride, emetme bismuth 
iodide, and auremetme , secondly, arsemcal drugs, e g carbarsone and stovarsol . 
and thirdly, halogenated hydroxyqumolmes, e g chmiofon, vioform, and 
diodoqum Opmions differ concemmg the respective merits of these three 
types , mdeed the general opimon seems to be that no one type is entirely 
satisfactory m itself, and that the best clmical results are obtamed by the 
judicious use of all three As we now have a technique for evaluatmg the anti- 
amoebic properties of drugs, usmg experimentally infected rats (Jones, 1946), 
It was considered of mterest to make^ a close companson of the most commonly 
used of the above types Such a companson would also serve to supply standards 
agamst which any newly discovered anti-amoebic drug could be compared 

The drugs selected for the companson were emetme hydrochlonde, chmiofon, 
stovarsol, carbarsone, and diodoqum They were compared when given as a 
single dose, and also when given accordmg to a multiple-dose schedule 

Experimental Work 

Several expenments were carried out, each involving the use of 144 recently weaned 
rats weighing approximately 20-33 g In each expenment the rats were separated into six 
groups of matched weights They were then mjected intracaecally, after laparotomy, with 
0 25 c c of a suspension of Entamoeba histolytica m 5 per cent gastnc mucin The amoebae 
were cultivated m the enriched serum-buffered salme medium described previously (Jones, 
1946) 

Two different dosage schedules were employed m the first a single dose was given 
24 hours after the operation, and in the second doses were given 24, 30, 48, 54, and 72 
hours after the operation All doses were given orally, by means of a metal catheter Emetme 
and chmiofon were given as solutions in water, and stovarsol, carbarsone, and diodoqum as 
finely dispersed suspensions made by ball-milhng for several hours with a suitable dispersmg 
agent (1 per cent Dispersol O G , I C I ) 

In order to assess the therapeutic effect of the test drug the rats were killed six days 
after the operation After this time the mfection m the control group is maximal, and any 
therapeutic effect m treated groups is therefore most readily detectable Careful post- 
mortem exammations were made of each rat m the experiment, and accordmg to the degree 
of mfection found a score was allocated The six standard degrees of mfection are shown 
m Fig 1 
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HEAVY INFECTION , ULCERATION . NUMEROUS AMOEBAE S 


INFLAMMATION , MUCUS , NUMEROUS AMOEBAE 4 

INFLAMMATION , MANY AMOEBAE , 3 

NORMAL , MANY AMOEBAE 2 

NORMAL , FEW AMOEBAE 1 

NORMAL , NO AMOEBAE 0 



Fig 1 — ^The degree of amoebic mfechon found m the caecum of experimentally infected rats 


An average degree of infection (ADI) was calculated for each group by findmg the average 
of the mdividual scores 

The statistical significance of a treatment effect may be assessed according to the 
followmg formula 



where x and y are the ADIs for the control and treated groups respectively 

ax and cry are the standard deviations for x and y respectively, and in and n are the 
numbers of rats m the control and treated group respectively 

The values of ax and ay used in the above formula were read from a curve denved 
from the results of a large number of control and treated groups (Jones, 1946) 

In this senes of experiments most of the drugs, when given at the highest dose, showed 
a therapeutic effect of high statistical significance (P<0 01) This value (P<001) was 
therefore taken as the standard reiJfesentmg definite positive therapeutic effect (+) Thera- 
peutic effects of sigmficance P = 0 05 to P=001 were regarded as mdicaling shght though 
defimte therapeutic effect (±), whilst effects of P>0 05 were regarded as indicating 
insigmficant therapeutic effect (— ) 

The results of the compansons are recorded m detail m Figs 2 and 3, and summarized 
in the Table 



Fio 2 — ^The effect of drugs on experimental amoebiasis m rats Smgle-dose therapy 
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DOSAGE - 24 30 48,54 1.72 HRS AFTER INFCCnOHORALLY 
ADI - average degree of INFECTKJ fJ 


Fig 3 — ^The eflfect of drugs on expenmental amoebiasis in rats Multiple-dose therapy 

TABLE 

THE EFFECT OF DRUGS ON EXPERIMENTAL AMOEBIASIS IN RATS 


Dose, mg /kg orally Significance of treatment 

24 hr after operation -f =P<0 01 ± =P, 0 01-0 05 — P > 0 05 

Emetine Chiniofon, Emetine Chiniofon Stovarsol Carbarsone I Diodoquin 



Discussion 

In comparmg the results of our experunents m rats with the results obtained 
in human amoebiasis with the same drugs, we must consider certam important 
differences between the infections m the two species Whereas m rats the 
infection is an acute one and is reasonably standardized, m human amoebiasis 
there is not only the acute disease but also a chrome phase of widely varymg 
symptomatology In the latter form of the disease we may have also to deal with 
the cystic form of the parasite, against which there is as yet no suitable means 
of testmg drugs experimentally If we compare our results with the results 
usually obtamed m acute amoebic dysentery m man we find reasonable agree- 
ment Thus emetme and chimofon appear to be the most effective, with stovarsol. 
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carbarsone, and diodoqum definitely mfenor If, however, we consider theC 
respective meats of these drugs m chrome amoebiasis, we find them at variance 
with our experunental results, for agamst this form of the-disease, carbarsone, 
stovarsol, and diodoqum are undoubtedly of value The mimmnT effective 
therapeutic dose of this type of compound m rat and man differs considerably 
if the companson is made on a mg /kg basis Thus a dose of 1,000 mg /kg, 
or 5 doses of 500 mg /kg , is required to produce an effect m rats, whereas the 
dosage used m humans, namely 4 gr twice daily for 10 days (Manson-Bahr, 
1945), coaesponds to a total dosage of only 80 mg /kg The vahdity of such 
a companson, however, is questionable, and it is perhaps more reasonable to 
consider the relationship of the minimal effective therapeutic dose to the toxic 
dose m the two species If this is done, the relationship is found to be 
approximately the same 

It is of mterest to note the behaviour of diodoqum m our tests When it 
was given as a smgle dose, its therapeutic effect was barely significant, and 
compared unfavourably with carbarsone and stovarsol When it was given 
repeatedly, however, its activity was better demonstrated The fact that it is 
poorly absorbed was no doubt responsible for this difference This compound 
has been mtroduced comparatively recently (Hummel, 1939) It does not appear 
to be much more effective than the other amoebicides (Morton, 1945) 

The stram of E histolytica used m this senes of experiments (isolated in 
culture from matenal kmdly supplied by Dr A R D Adams) was one which 
produced infections susceptible to treatment with emetme Not all strams do 
so, as has been mentioned m a previous paper (Jones, 1946) It was decided to 
use an emetme-susceptible stram for comparison as there was no evidence that 
the other drugs showed similar differences m effectiveness agamst different strauis 
The comparison was accordmgly earned out under conditions equally favourable 
to all the test drugs 

Summary 

A study has been made of the therapeutic action of emetme, chmiofon, 
stovarsol, carbarsone, and diodoqum agamst experimental amoebiasis m rats 
Emetme and chmiofon appeared to have the widest range of activity Stovarsol, 
carbarsone, and diodoqum were effective when given m large doses 

I thank the following G H Davies, S R Smedley, D Todd, and W A. Whittaker for 
technical assistance , and Dr O L Davies for advice in the statisUcal assessment of the 
results 
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THE TECHNIQUE OF TESTING 
CHEMOTHERAPEUTIC ACTION ON 
PLASMODIUM GALLINACEUM 

BY 

ISABEL M TONKIN AND FRANK HAWKING . 

* 

From the National Institute for Medical Research, London 

(Received December 21 1945) 

During the war P gallmaceum and P lophurae came into general use for 
testmg the antimalanal action of new compounds Xhe purpose of the present 
work, carried out during 1943 and 1944, and withheld from publication owmg 
to wartime restrictions, was to compare different methods of dosage m tests with 
P gallmaceum^ and to see how much the answer obtained depended upon the 
technique employed 

In all tests the compounds were judged by their ability to reduce parasitaemia 
to a low level . little or no account was taken of the power of drugs to sterilize 
the birds and thus to produce a radical cure of the infection 

Methods 

The general plan of the test was based on confidential mformation received 
from the Amencan Board for the Co-ordmation of Malana Studies and from 
Mr, D G Davey, of Imperial Chemical Industnes, Ltd 

The strain of P- gallmaceum used was obtained from the Molteno Institute, Cambridge, 
and was derived from the original strain introduced into Europe by Brumpt It was main- 
tained by blood passage in young chickens The chickens were about 10 days old at the 
time of inoculation and weighed 60-80 g , they were infected by the intravenous injection 
of about 10' parasitized cells per chick In a typical experiment the percentage of 
parasitized erythrocytes, rcsultmg from this inoculum, was 1 per cent after 2 days, 6 per 
cent after 3 days, 30 per cent after 4 days, and 50-90 per cent after 5 days, at which time 
chickens often died , if they survived, the parasites in the blood became less numerous, 
but many died with exoerythrocytic forms in the brain two weeks after inoculation The 
drugs were given by mouth with a synnge and blunt needle Since most drugs supplied 
for testing are very limited m amount it was considered that the admmistration of drugs 
m the diet (as desenbed by Marshall et al , 1942) would not be practicable The blood of 
the infected chicks was examined on the 3rd and 5th days and the percentage of parasitized 
erythrocytes on the 5th day was determined 

To test for the prophylactic activity of drugs, the heads and thoraces of batches of 
mosquitoes known to contain sporozoites in their sahvary glands were ground in saline 
and the resultant suspension centnfuged lightly to throw down the chitinous parts of the 
insects The supernatant was drawn off and made up in a mixture of hepannized chick 
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plasma and saline, containmg at least 50 per cent (v /v) plasma, so that 02 c c contained 
the equivalent of one infected mosquito This suspension was used to infect chicks bj 
intravenous inoculation of 0 2 c c per chick Chicks so infected usually exhibited para 
sites m the penpheral blood 5-7 days after inoculation, and died 6-10 days after infection 
as a result of massive infection of the endothehal cells of the cerebral capillaries with 
exoerythrocytic forms The drugs were administered in the manner described above, dosage 
being started 2 hours before mfection In both types of experiment the geometrical mean 
of the responses of the individual birds m a group was taxen , this was compared with the 
geometncal mean of the responses of the group of untreated control chickens 

The following salts of quinine, mepacnne (atabnne), and pamaquin (plasmoquin) were 
used qumine bisulphate containing 59 per cent anhydrous qumme, mepacnne methan 
sulphonate (quinacnne soluble, May & Baker) containing 65 per bent of mepacnne base 
(3rd ADD B P 1932, p 15) and the methylene bis-hydroxynaphthoate of 6-methoxy 8 
8 diethylammo-a-methylbutyl)-aminoquinohne (pamaqum) contaimng 45 per cent of base 
(4th ADD B P 1932, p 24) All amounts of the drugs quoted refer to these salts Sulpha 
diazine powder was used as the pure substance 

Measurement of the blood concentration of the drugs 

An attempt was made to measure the levels of quinine, mepacnne, and sulphadiazine 
in the blood after the different dose schedules employed In order to facilitate the taking 
of blood samples, larger chickens wqre used in these experiments than in the therapeutc 
experiments 

Quinine — The blood level of qumine at varying penods Of time after dosing was 
measured by a modification of the method of Kelsey and Geiling (1942), kindly devised 
by Prof C Rimmgton The estimations were earned out on 0 5 c c blood, drawn from 
the heart, of 3-4 months old chickens weighing about 800-1,000 g A series of blood 
samples was taken from each chicken The oxalated blood sample was pipetted into 
3 5 cc distilled water and the blood protems were digested by the addition of 1 cc 10 per 
cent sodium hydroxide and heating in a water bath for 15 min The samples vere then 
extracted with 25 cc of sodium-dned ether containing 5 per cent (v/v) petrol in a 50-cc 
separating-funnel The ether extract was washed twice with 10 cc N/IQ sodium hydroxide 
and the quinine extracted with 4 c c N 1 10 aqueous sulphuric acid m three successive 
volumes oflScc, 15cc, and 1 c c of acid The acid extract was then made up to 
5 c c by the further addition of sulphuric acid and its fluorescence was measured in the 
Rimmgton fluorescence comparator (Rimmgton, 1943) The amount of quinm^ present in 
the extracts was ascertained by companson with a standard curve obtained by measuring 
the fluorescence observed when known amounts of qumine were added to blood and 
extracted as above 

Mepacnne — For the estimations of mepacnne th”e appropnate doses were given to 
800-1,000 g chickens and blood was withdrawn from the heart Repeated bleedings of 
the same chickens sometimes led to false readmgs of the drug level , consequently several 
birds were placed on the same dose schedule and no bird was bled more than three times 
Coagulation of the blood was prevented by potassium oxalate , if the sample had to wait 
more than 24 hours before examination it was stored at -12° C The estimations were 
kindly carried out for us by Major J Reid of the Royal Army Medical College , he used 
a modification of Masen s method (1943) 

Sulphadiazine — Appropnate doses of sulphadiazine were given to 28-day-old chicks 
0 02 c c blood was taken from the leg at intervals, and the concentration of sulphadiazine 
therein was measured by a modification of the method of Marshall and Cutting (1938) 
The volume was measured m’ special micro-pipettes and washed out into 2 5 cc of acid 
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Fig 1 — Blood concentrations of quinine in chicks after oral administration of different dose 
schedules of quinine bisulphate Ordinates blood concentrations in mg per htre 

Abscissae hours after dosage . = levels in individual birds x x = average levels 

Arrows indicate dosage 
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sabne (0 85 per cent NaCl in N / 50 HCl) The reagents, 0 1 c c 0 3 per cent sodium nitrite, 
0 1 c c 1 5 per cent ammonium sulphamate, -and 0 1 c c 0 1 per cent naphthyl ethylene 
diamine dihydrochlonde, were then added to 2 5 c c of the supernatant, and the intensity 
of the fully developed colour was measured on a Spekker absorptiometer combined with 
a spot galvanometer 

Experiments 

/ 

Trophozoite-induced 'Ineections 
Effect of concentration or dispersion of the dose 

The first investigations were made to determine the effect of cbncentrating 
the whole amount of antimalarial compound (quimne, mepacnne, pamaquin, 
or sulphadiazme) mto a smgle administration or of dispersing it over several 
days m a senes of smaller doses The total amount admmistered remamed the 
same, an amount bemg employed which was about the minimum effective level 
when given according to the most effective regime A study was made of the 
results of the different dose schedules on {A) the resultant blood-concentration, 
OB) the therapeutic response 

A — Blood concentrations 

Quinine — Fig 1 shows the mean curve for the group of birds receiving 
qumme , it was obtained by takmg the average of the blood concentrations at 
each particular tune Considerable mdividual vanation m the levels was 
observed m different chickens, particularly m the senes 5 mg twice daily for 
2 days and 2 5 mg twice daily for 2 days The mean curve was only an approxi 
mate mdication of what rmght happen m any special mstance On the whole 
the levels were comparable with those found by Kelsey e/ n? (1943) Theabsorp 
tion of qumme was rapid the peak m the blood concentration occumng at 
approximately 2 hours, but the compound soon disappeared from the blood 
agam, so that the penod of antimalarial action was presumably bnef m most 
cases The level attamed m the blood was not directly proportional to the size 
of the dose, smce a dose of 2 5 mg produced a peak mean blood concentration 
of 1 0 mg per litre (Fig IE), while a dose of 20 mg (8 times as great) produced 
a peak of 2 1 mg , only twice as high (Fig lA) 

Mepacnne — ^The blood concentrations of mepacrme are shown m Fig 2, the 
line bemg drawn through the mean concentrations at the different periods of 
samphng The variations between the different buds were greater than those 
between the different dose schedules so that from this small number of birds 
no rehable conclusion could be drawn On the whole, it appeared that with 
mepacnne there was a peak in the blood concentraPon occurrmg about two 
hours after the dose, followed by a prolonged plateau at a lower level This is 
well exemplified m the curve obtamed after the admmistration of 8 mg per 
100 g (Fig 2 A) Marshall and Dearborn (1946a) found that m the treatment 
of P lophurae infections in ducks by mepacnne the therapeutic response was 
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proportional to the dosage 
rather than to the plasma con- 
centration of the compound 
Our own lunited figures on 
blood concentrations and on 
therapeutic response (Table I) 
are m agreement with their 
finding 

Sulphadiazine — The average 
blood concentrations obtamed 
when sulphadiazme was given 
are shown m Fig 3 With one 
dose per day, even with the 
largest amount, the drug re- 
mained in the blood for less 
than 24 hours The mean 
peak level varied with the 
dose, but not in direct pro- 
portion After a dose of 25 
mg the peak was 135 mg per 
litre , after 200 mg (8 tunes 
the dose) the peak was 254 
mg (Fig 3A and E) The 
effect of subdividing the doses 
was to prolong the periods in 
which appreciable amounts of 
drug were present m the blood 
and to make them more con- 


tinuous There was httle evi- 
dence of an accumulation of 
sulphadiazme m tfie blood 
(Fig 3E) 


2 


F'O 2 — Blood concentrations of mepacnne in 

thicks after oral administration of different i 
dose schedules of mepacnne methanesulphonate 
Ordinates blood concentrations in mg per litre 
Abscissae hours after dosage > • = levels in 

individual birds x ^x = average levels Arrows 

indicate dosage 

^ 0 10 20 1 30 
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Fig 3 — Blood concentrations of sulphadiazine in 
chicks after oral administration of different dose 
schedules of sulphadiazine powder Ordinates 
blood concentrations in mg per litre Abscissae 
hours after dosage . = levels in individual birds 
\ \ = average levels Arrows indicate dosage 



B — Therapeutic effect 
In the experiments on the 
therapeutic effect the first 
dose (including the groups in 
which the whole amount was 
given as a smgle dose) was 
always admmistered immedi- 
ately (less than 1 hour) after 
the mfection When one dose 
per day was given, it was giv^n 
about 10 am . when two 
doses per day were given, 
they were given at 10 am 
and 5 pm The number of 
birds m a group was usually 
4, but some groups contamed 
3 or 5 birds The results 
of this work are shown m 
Table I The effect of sub 
division of the dose depends 
upon the type of drug em 
ployed, bemg quite different 
with qumme, mepacrme, and 
pamaqum from what it is with 
sulphadiazine With th^ fof' 
mer three compounds, the 
more the dose is concentrated 
the greater the response, and 
conversely The drugs 
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TABLE I 

THE EFFECT OF DIFFERENT DOSE SCHEDULES OF STANDARD DRUGS ON THE RESPONSE OF 

TROPHOZOITE-INDUCED INFECTIONS 




Percentage of cells parasitized on 5th day after different dose schedules 

Drug 

Total dose 
mg /lOOg 

Total dose ^ 
on 1st day | 

1/2 dose ' 
once daily 
2 days 

1/4 dose 
twice daily ' 
2 days 

1/4 dose 
pnce daily 
4 days 

1/8 dose 
twice daily 
4 days 

Untreated 

controls 

Quinine 

i 20 

i 1 

0 52 

i 0 59 

47 

21 6 

39 3 

I 

1 1 95 1 

1 18 

1 1 20 

24 4 

172 

53 


1 

1 

— 

— 

4 IS 

1 

21 9 

— 

1 58 2 

Mepacnne 

8 

1 061 

1 1 30 

52 3 

1 48 9 

47 9 

59 5t 


01 

0 I 

1 8 1 

1 3 7 

1 

38 5 


10 

! 01 

0 1 

0 1 

I 1 2 

3 1 

65 7 

Pamaquin 

■BQ|| 


1 

1 5 24* 

56 7 ) 



54 8 



0 1 


1 29 

70 9 I 

54 7 

58 3 



1 06 


f - 1 

3 09 

9 85 

44 



01 

0 1 

! 1 35 

174 1 

2 51 

63 9 


I 

01 

0 1 

1 Oi 1 

1 1 

1 

' 1 2 

41 4 

Suiphadia- 



1 


1 



zine 

200 1 

1 

37 

1 

1 28 8 1 

1 

1 

38 7 

12 6 j 

i 

0 12 

39 5 


* Poor test OnJy 1 chick remained alive f 6th day count 


most effective if given m a single large dose or if the dose is subdivided only into 
two , as the subdivisions get more numerous, less antunalanal effect is shown 
Apparently the action of these drugs upon the parasites is rapid, a short 
interval of time bemg sufficient for it to take place, but on the other hand it is 
strongly effective only if a certam level of blood concentration is reached — 
e g , with quinme, a level of over 1 ,Mg per c c , this critical level of concentra- 
tion IS presumably not reached when the dose of drug admmistered falls below 
a certain quantity, even if the dose is repeated twice daily for four days With 
sulphadiazme on the other hand, the greatest antunalanal effect is obtamed when 
the administration is spread over the whole four days, subdmdmg the 'amount 
into 8 small doses The administration of the drug m 1-4 doses concentrated into 
the first two days is non-effective Even the slight modification of givmg- a single 
dose on each of four days, mstead of two smaller doses on each of these days, 
greatly dunmishes the antimalanal effect This class of compound presumably 
exerts a slower action upon the parasites than qumine, mepacnne, or pamaquin 
do , and the duration of action is more important than the concentration over 
any particular short period 

Effect of time of starting the treatment 

It has been reported from Amenca that some workers begra treatment several 
hours before infectmg the birds, others wait until after the moculation to begm 
treatment The latter procedure is the more convenient in practice as the whole 
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batch of chicks can be inoculated without the necessity of identifying each 
individual in the process , moreover, birds in which the moculation has been 
unsatisfactory m any way can easily be discarded and replaced by new ones 
An mvestigation was made m order to discover whether this difference of pro 
cedure affected the therapeutic response observed, and the results are shown 
in Table II As will be seen, there was no significant difference in the response 
whether the first dose was given immediately after moculation, or 5 hours before 
inoculation Accordmgly, in our routine testing of drugs the first dose is always 
given almost immediately (less than 1 hour) after moculation 

TABLE II 


the effect of the time of STARTINa DOSAGE ON THE RESPONSE OF TROPHOZOITE-INDUCED 

INFECnONS 


1 

Drug 

1 

Total dose 

mg /too g 

Dose given 
twice daily 
for 14 days 

1 

Percentage of cells parasitized 
on 5th day when dosage started 

Controls 

immediately 
after mfecUon 

5 hours before 
infection 

Quinine 

20 1 

2 5 mg 

1 10 7 

19 

38 5 




3 0Z 

14 8 

41 4 




29 

24 9 

61 1 


24 

3 mg 

6 

1 

44 

Mepacnne 

10 

1 25 mg 

28 3 

21 5 1 

414 




0 96 

1 16 

1 44 



1 

9 01 

5 52 

1 61 1 

Pamaquin 

04 

0 05 mg 

45 9 ' 

39 2 

38 5 


06 ^ 

0 075 mg 

21 1 

28 1 

44 




7 94 

12 

63 9 


• 1 

0 125 mg 

1 2 

4 59 

' 41 4 

Sulphadiazine 

200 

25 mg 

0 42 

0 8* 

i 

■' 39 5 


Each of the groups of treated chicks contained 4 birds , the groups of controk usually contained 
6-10 birds 

* Started 2 hours before infection in this case as sulphadiazine reaches its peak in the blood 
2 hours after oral administration 

A further study of the effect of delay m commencmg treatment was made 
by giving the same total amount of raepacrme either all on the last (3rd) day 
after moculation or spread out over the previous days This is a reverse of the 
dose schedules descnbed m Table I The results are shown m Table III The 
best therapeutic responses were obtamed when the drug is concentrated on to 
the last two days of the treatment Probably m this experiment the effect of 
concentrating the dosage was more important than the time of starting it (O'’ 
this occasion mepacnne seems to have been less effective than in the experiments 
of Table I ) 
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TABLE III 

THE EnTCT OF DELAY IN COMMENCING TKEATMENT yv'ETH MEPACRINE 


Drug 

' 

! Schedule 

\ 1 

% cells parasitized 
on 5th day 

Control 

Mepaenne * 

6 mg twice daily on the 4th day 

2 62 

1 


3 mg „ „ „ „ 3rd and 4th days i 

0 56 



2 mg. „ „ „ „ 2nd, 3rd, and 4th days 

1 187 

65 7 


1 5 mg „ „ ,, „ 1st, 2nd, 3rd, and 4th days 

' 35 2 

1 



In each group the total dose was 12 mg per 100 g 
Each group contained 4 chicks 


Sporozoitc-induccd Infections 

Similar investigations about the effect of concentrating or dispersing the treat- 
ment were made with sporozoite-mduced infections — i e , the prophylactic action 
of the compounds upon the pre-endoerythrocytic forms of the parasites was 
studied instead of the therapeutic action upon the endoerythrocytic ones (tropho- 
zoites, schizonts, etc ) At the time of conducting this work the only compounds 
known to have a prophylactic action were the sulphonamides, and accordingly 
the mvestigations were made using sulphadiazine Two types of experiment were 
made In the first, a given amount of sulphadiazine (200 mg per 100 g ) was 
either concentrated at the begmning of the mfection or dispersed over the first 
four days , in the second, treatment was more intense (total 800 mg per 100 g) 
and It was given either in the first two days or on the 3rd and 4th days after 
infection The results of both these investigations are shown in Table IV 

In the first type of experiment the data show that the more the treatment 
was spread out over the first four days the more effective it was , treatment 
restricted to the first day had little or no effect, even if the total dosage was 
doubled (i e , total dose 400 mg ) These results with pre-endoerythrocytic stages 
of the parasite agreed with those obtained concerning the action of sulphadiazine 
upon the endoerythrocytic forms , they support the view that the antimalarial 
action of sulphadiazine iS'Of such a type that duration of exposure is more 
important than intensity 

The second part of these experiments concerns the sensitivity of the different 
stages of the parasite to sulphadiazine Treatment restricted to the first day had 
little or no action , apparently the sporozoites in their original form or in their 
early development after inoculation were not much affected by the compound 
during a single day Treatment given on the 3rd and 4th days was slightly more 
effective m delaying the development of patent infection than that given on the 
1 st and 2nd days , but much of this effect was due to the postponement of treat- 
ment. and if the interval is measured between the onset of the patent infection 
and the end of treatment, there was little real difference between the degree of 
parasitaemia observed in the two groups However, ultimate survival was much 
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.TABLE 'rv 

EFFECT OF DIFFERENT DOSE SCHEDULES AND OF TIME OF DOSAGE OF SULPHADIAZINE ON SPOROZOm 

INFECTIONS 


Total Individual Days 

dose doses of 

mg/IOOg per 100 g treatment 8 


200 I *200 mg 1st j 
1 once daily 


Percentage of cells parasitized on day 


Remarks 


24 6 
2 D 
EEF+ 


23 
1 D 
EEF+ 



I 100 mg 
! once daily 


1st, 2nd 


2 D 
EEF+ 


I 50 mg 1st, 2nd, 
[ once daily 3rd, 4th 





—I 



Less 

than 

0 1 


Less 
than 0 1 


14 1 
2D 
EEF+ 


2 chicks died on I7t(i 
day 



*25 mg 1st, 2nd, 
1 twice daily 3rd, 4th 


Control 



Less 

than 

0 1 


> 

On 15th day 512 
1 D EEF+ I 
chick died on Iftfi 
sday 1 chick stir 
vived 


1 D 





♦200 mg 


I 25 mg 1st, 2nd Less 
I twice daily 3rd, 4th than 
i 0 1 





— 8 03 ID 

1 D EEF+ 


1 200 mg 1st, 2nd Less 
j twice daily than 

01 


1 D 
EEF+ 



48 

2D 

EEF+ 

' 1 D 



Less 

than 

01 

04 



32 2 

2 D 1 

] 


1 2 


69 

2D 

11 6 

1 D 

ID 




2 chicks failed (o 
show parasiueani 
2 chicks died on 
17th day EEF+ 



2 chicks died on 1'^*' 
day EEF+ 

I 

1 chick died on 
day 



I *200 mg 
I twice daily 


1 200 mg 
I twice daily 


I'lt 2nd j Less 
1 than 

I 

3rd, 4th Less 
than 
0 1 


1 D 
EEF+ 


1 chick died on 1^ 
day EEF-r ■ 
chicks survi«d 


Control 


8 03 ID 
1 D i EEF+ 


The inoculum used m these experiments contained the approximate equivalent of 1 infected rnosq 
per chick The groups marked wnth an asterisk contained 3 chicks, the others conteineu 
The ‘1st day dose w-as gi\cn 2 hours before infection with sporozoites D, Chick died 
EEF— Exoerythrocytic forms found in the brain post mortem 
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I 

better m the group treated on the 3rd and 4th days It is noteworthy that (with 
the possible exception of 2 chicks) sulphadiazine in these doses failed to sterilize 
any of the birds , it only delayed the multiplication of the parasites for a shorter 
or longer penod In this respect its action upon pre-endoerythrocytic forms was 
mdistmguishable from that upon endoerythrocytic forms The results thus 
suggest that the antimalarial action of sulphadiazine is exerted both on pre- 
endoeiythrocytic forms of P gallinaceum (cryptozoites, etc ) and on endoerythro- 
cjhic forms (trophozoites and schizonts) , that this action tends to be plasmodio- 
static rather than plasmodiocidal , and that its effectiveness depends upon the 
duration of exposure rather than upon the mtensity 

Discussion 

It has been shown that under the experunental conditions descnbed the 
maxunum effect of a given small quantity of quinme, mepacrme, or pamaqum 
upon the trophozoites is obtamed when the treatment is concentrated mto one 
or two days The greatest effect of a given quantity of sulphadiSzme upon either 
trophozoites or upon pre-endoerythrocytic forms is obtamed when the treatment 
IS spread out over the whole period of four days With the former drugs, 
mtensity of action seems more important than duration , with sulphadiazine, 
duration is more important than mtensity In the treatment of trophozoite- 
mduced mfections there is no significant difference m the response observed 
whether the first dose is given 5 hours before inoculation or unmediately after it 
The action of sulphadiazine is exerted both on pre-endoerythrocytic forms of 
P gallmaceiim and on endoerythrocytic ones 

A companson has been made by Marshall and Dearborn (1946b) of the smgle- 
daily-dose and of the drug-diet methods of treatment in burd-malana (P lophurae 
m ducks) m relation to the therapeutic activity of numerous compounds , as found 
above, they showed that the relative activities of the different compounds are 
considerably affected by the concentration or dispersion of the dosage 

These results may now be considered m relation to the devismg of routine 
tests of the antimalanal action of new compounds If the compound were given 
m a smgle dose (as is customary m experiments with mouse trypanosormasis) the 
action of qumme, etc , would be manifested while that of sulphadiazme would 
probably be missed The maximum dose which can be tolerated depends upon 
the toxicity of the compound, and this is usually such that a senes of doses spread 
over four days is much less injurious than a large dose on a smgle occasion 
Accordmgly the usually accepted regime of treatment spread over four days has 
much to recommend it smce (1) it provides suflBcient duration for the slower acting 
compounds such as sulphadiazme, (2) it mmimizes toxicity and allows larger 
amounts of the compound to be given, and (3) it is not unduly labonous to 
administer No expenments have been made m this work usmg schedules extend- 
ing over more than four days as a routine measure such schedules would appear 
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to be more wasteful of labour and of material (which is often scarce) while 
offermg msufficient compensatmg advantage The routine tests earned out id 
this laboratory are therefore based on treatment lasting four days The general 
procedure has been described above m the section upon methods For infec 
tions mduced by trophozoites the response is read as the percentage of parasitized 
erythrocytes on the fifth day, and the geometrical mean for the group of buds 
is compared with that for the group of untreated controls If a compound is 
found to be active in the maxunum tolerated dose, the dose is reduced in subse 
quent tests until the lowest dose is found which reduces the percentage of 
parasitized cells to about one or two This is considered to be the approxi- 
mate mmimum effective (therapeutic) dose For infections mduced by sporo 
zoites, the chief criteria of the activity of a drug are complete suppression of 
infection or a delay m the appearance of parasites m the penpheral circulation, 
and prolongation of the life of the chicken or recovery from the infection For 
quantitative determination of the activity, measurement is made of the mmunum 
effective (prophylactic) dose which prevents the percentage of parasitized cells 
being greater than 1-2 on the 7th to 9th day when the mfection has reached a 
high level m the controls , no compound tested to date in this laboratory has 
been sufficiently effective for its activity to be expressed as the minimum dose 
which completely prevents mfection The antimalanal activity, therapeutic or 
prophylactic, as expressed by these mmimum effective doses, is compared with 
the toxicity as determined by the maxunum tolerated dose for mice, when 
administered orally twice daily for four days Smee the drugs are designed for 
use in man, the toxicity for mammals is more significant than that for buds, 
even though the tests for antunalanal potency are carried out m chickens 

Summary 

The methods used m the authors’ laboratory for testmg the antunalanal action 
of drugs upon mfections of P gallmaceum induced by trophozoites and sporo 
zoites are desenbed 

A given amount of quinme, mepaerme, and pamaqum exerts the maxunum 
effect on trophozoite-mduced infections of P gallmaceum if it is concentrated 
into the first day or first two days of treatment , with these compounds intensity 
of action IS more important than duration A given amount of sulphadiazine 
produces the maxunum effect upon trophozoite- or sporozoite-mduced infections 
if it is dispersed over all the four days of treatment , with this compound dura- 
tion of action IS more important than mtensity The action of sulphadiazine is 
exerted both on the pre-endoerythrocytic forms of P gallmaceum (cryptozoites, 
etc) and on the endoerythrocytic forms (trophozoites, etc) 

In the test on trophozoite-mduced mfections there is no significant difference 
in the response whether the first dose is given immediately after the inoculation 
or 5 hours before it 
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The blood concentration curves of qumme, mepacrme, and sulphadiazme on 
the different dose schedules were determined Increasmg the dose eight times 
increases the peak concentration in the blood only about twice 


' Grateful acknowledgments are due to Miss Ann Bishop and Sir Rickard Christophers, 
F R S , for provision of strains of parasites and mosquitoes and for help in the technique 
of breeding of mosquitoes , to the American Board for the Co-ordination of Malana 
Studies, and to Mr D G Davey for much confidential information about antimalarial 


tests , to Major J Reid and Prof C Rimington for help in the 
drugs in the blood, and to Miss R I Berson and Miss V E)y 
assistance 

The drugs used were kindly supplied by May & Bakej/ 
Chemical Industnes, Ltd , Manchester 
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THE TOXICITY OF 

ALKYL FLUOROPHOSPHONATES IN MAN 
AND ANIMALS 

BY 

B A KILBY AND M KILBY 
From the Physiological Laboratory, Cambridge 

(Received March 13 1947) 

In May, 1940, we prepared the dimethyl and diethyl esters of fluoro 
phosphonic acid and tested their effects on animals as lethal inhalants When, 
-about year later, McComt^.^apd -Sounders prepared the dii^opropyl ester, we 
found it Fifdr^iTTven more powerful effect than the dimethyl and diethyl 
compounds 

RO. ,0 

))P/ R = CHa, QH. or (CH^l.CH 

RO F 

dialkyl fiuorophosphonate 

The present paper deals with this early and first systematic study of the 
toxicity of the fluorophosphonates which are now widely used for physiological 
experiments and chnical trials When the toxic action was discovered it was 
not possible for us to publish the results, which were, however, circulated as a 
report to the Mimstry of Supply (Adrian, Kilby, and Kilby, 1940) 

The preparation of the fluorophosphonates and this study of then toxic pro 
perties was prompted by an observation of Lange and Krueger (1932) They 
had prepared the dimethyl and diethyl compounds and had stated at the end 
of their communication that inhalation for a few minutes might lead to diffi 
culty m breathmg, to disturbance of vision, hypersensitivity to light, and even to 
loss of consciousness 


Methods 

The dimethyl and diethyl fluorophosphonates used m these experiments were prepared 
by the method descnbed by Lange and Krueger, and the diwopropyl ester was kindly sup 
plied by Dr H McCombie, *Dr B C Saunders and their research team, who made it by 
the method announced in a preliminary communication (McCombie and Saunders, 1946) 
The acUon and toxicity of fluorophosphonates were studied m man by mhalation and 
in animals by inhalation as well as by intravenous or subcutaneous mjecUon 

Inhalation in man 

An approximately cubical steel-framed glass chamber of 10 cum capacity uas 
used The desired concentration of ester vapour was obtained by dissolving the calculated 
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weight of the compound in about 20 cc of ether and ^playing it into the chamber by 
means of an atomizer worked by compressed air, mixing being achieved by three electric 
fans After about 30 sec , the subjects, one to foui in number, who had been waiting 
in an air-lock, walked into the chamber and quickly sluit the door behind them At the 
end of the exposure, the subjects left through the air lock, and the chamber was cleared 
by a large suction fan In the calculation of the concentration (eg 1 m 100,000) it is 
assumed that the ester is completely volatilized and that the gram-molecular weight occupies 
a volume of 22 4 litres 



apacity was used 
,s placed mside in 
onate dissolved 
'•bout half of 
a minute 
>sure, an 
' Ai-Jwo 


Iithalation m animals 

Static method — A wood-framed glass chamber of 
A batch of animals (e g , 3 rabbits, 4 guinea-pigs, 6 rat 
wire cages, the chamber sealed and the calculated 
in 20 c c of ether sprayed into it The expos 
the matenal had been dispersed, an operati 
Mixing was achieved by. an -eleclnc fan in, 

exhausting fan was switched on, the chambe \ 

operators wearmg service respirators The rfimmals-^X^^ removeiT'toanBmer room and 
kept under observation Post-mortem examinations were made on animals that died 

Constant-flow technique — An apparatus was constructed containing an all-glass 
exposure chamber of about a litre capacity fitted with ground glass joints, in which 
either one rat or four mice could be placed A constant stream of air, at a known rate 
of flow, was passed through this chamber, either by using compressed air which was passed 
through a gas-meter m senes with the chamber or, m other experunents, by suction, 
measured amounts of water being run out of a 20-htre aspirator All or part of the air 
stream could be passed through a bubbler containmg diiropropyl fluorophosphonate, which 
was weighed before and after the experiment to detemune the amount of ester volatilized 
The rate of volatilization was also controlled by varying the temperature of the water-bath 
in which the bubbler was immersed An identical bubbler contaming sulphuric acid was 
fitted m parallel, and in an exposure pure air was passed through the chamber until condi- 
tions were steady and the animal calm, and then by means of a three-way tap the air stream 
was caused to pass through the ester for the desired time In this manner it was possible 
to make 1-mm exposures, because the desired concentrahon was rapidly attained at 
the begmning of the exposure, and the ester quickly swept out at the end When only a 
part of the total air stream was passed through the bubblers, flow-meters were included in 
the circuit so that the air streams could be adjusted to give approximately the desired 
concentration of ester The two air streams were allowed to mix in a suitable compart- 
ment before entering the exposure chamber The bubblers, mixers and exposure chamber 
were connected by ground glass joints When necessary, the gases leaving the exposure 
chamber were passed through towers contammg activated charcoal or through service 
respirator canisters in order to remove the ester vapours 


Results 

Inhalation in man 

The inhalation of air containing low concentrations of dunethyl, diethyl, 
or diiJopropyl fluorophosphonate leads to effects qualitatively similar for all 
three esters, but varying m mtensity with the nature of the ester dispersed, its 
concentration, and the time of exposure Within a mmute or so a feehng of 
tightness of the throat is noticed and respiration becomes slightly more laboured 
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A few minutes later the pupils constnct to pin-pomt size and remain so for a 
long period , this causes the subject to expenence the sensation that the room 
has dimmed, as though the sky had suddenly become heavily overcast After 
a few hours, readmg becomes almost impossible unless the book is held only a 
few mches from the eyes , at a distance of about 1 8 in pnnt appears blurred 
This effect must be due to a strong constriction of the ciliary muscles The 
diiwpropyl ester has the most powerful action of the three compounds When 
two subjects were exposed for 3 mm to a nominal concentration of 1 m 
100,000 (82 mg /cum) of this matenal, a tightness of the throat and slight 
difficulty m mspiration occurred durmg the exposure, and about 10 mm later 
the pupils constricted to pm-pomt size and remamed so for days The miosis 
subsided after about a week in the younger subject (28 years) and after two or 
three days m the elder (60 years) After about 24 hours there was eye-ache and 

heafiache which persisted for a da 5 ^pt^vro 

V 

Inhalation in animals 

Animals were exposed for longer periods and to higher concentrations than 
those used with man, and severe symptoms were produced, death frequently 
resultmg The effects were approxunately the same in aU species exammed and 
with each of the three compounds There was excessive salivation, nasal 
discharge, lacrrmation and frequently pupil constriction, respiratory distress 
accompamed by mtense gaspmg movements, and, m severely affected animals, 
convulsions leading to death, which usually occurred withm about half an hour 
of the beginnmg of the 10-mm exposure, and sometimes actually durmg the 
exposure The rapidity of action of these materials as lethal inhalants is note- 
worthy and the majonty of animals that survived half an hour usually made a 
complete recoverv, although a few deaths occurred up to 24 hours 

The mortahties produced m rabbits, gumea-pigs, rats, and mice by 10-mm 
exposures to vanous nommal concentrations of the three compounds are shown 
m Table, I For each experiment 3 rabbits, 4 gumea-pigs, 4 or 6 rats, and 4 or 
10 mice were exposed m a static chamber Of the four animal species, it will 
be seen that rabbits are the least and mice the most susceptible 


TABLE I 

DEATHS RESULTING FROM lO-SHN EXPOSURE OF SMALL ANIMALS TO VARIOUS CONCEN- 
TRATIONS OF FLUOROPHOSPHOMC ESTERS 


Compound 


/fethyl esti 

er 


Ethyl ester j 

Isoprop 

yl ester 

Concentrction | 

]/5 000 

1/10,000 

1/20 000 

1 /5,roo 


1/20 000 

1/10 000 


1 

Rabbits 1 

HQni 

,0/3 

0/3 

0/3 

0'3 I 

0/3 

2/3 


Guinea-pigs 


0/4 

0/4 

2/4 


0/4 

0/4 


Rats 


4! 6 

1/4 

4/4 


1/4 

6/6 

1 4'() 

Mice 

HI 

lono 

1 

4/4 

4/4 


0/4 

10/10 

3'10 
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A more detailed study was made of the toxicity of the dii^opropyl ester for 
rats and mice , the concentration necessary to kill 50' pei cent of the animals 
exposed (LC50) was determined for each of five constant exposure times (1, 2, 
5, 10, and 30 mm) by the constant-flow techmque A convement measure of 
the toxicity of a lethal inhalant is obtamed by the product of the LC50 and the 
time of exposure in mmutes (/) This value is referred to m the present paper 
as the LC/50 Ideally it should be a constant and mdependent of the exposure 
time, but if detoxification takes place durm^ exposure LCt50 should mcrease 
greatly durmg long exposure to a low concentration , this is observed, for 
instance, when hydrogen cyanide is used as a lethal inhalant The small changes 
observed in the values of LCt50 m our experiments with fluorophosphonates, 
however, were probably not statistically significant, but a minimum value of the 
LCt50 at 5-10 mm might be mdicated With the static method an mcrease in 
LQ50 with longer exposures may mdicate that the concentration of toxic agent 
IS falling off, but this effect can be elimmated by the constant-flow technique, m 
which a constant concentration is mamtamed by replacement The LQ50 values 
for rats usmg 10- and 30-mm exposures were deteimmed by both static and 
constant-flow methods, and almost identical values were obtamed, mdicatmg that 
no appreciable decay of concentration occurred in the static method up to 30 mm , 

S D that the nominal concentrations employed m the static method used to obtam 
le data in Table I are probably fairly close to the true concentration 
Estimates of the LC50 and LCtSO values for rats and mice are shown m 
'able n These estimates were obtained, by graphical mterpolation, from the 
results of experiments m which at least 4 animals were used to determine’^ach 
pomt on the mortality-concentration curves , m all, 197 rats and 390 mice were 
uced 


TABLE n 

LC50 and LCI50 values for rats and mice exposed to DI/50PROPYL FLUOROPHOSPHONATE 

CONSTANT-FLOW TECHNIQUE 


Animal 

Exposure time 
min 

j Deaths within 2 hr ^ ^ 

Deaths within 48 hr 

LC50 
mg /cu m 

LC/50 ‘ 

mg /cu m /mm 

LC50 
mg /cu m 

LC/50 

mg /cu m /mm 

Rats 

1 

4 200 

4 200 

4 200 

4,200 


2 

2 000 

4000 

1,800 

3,600 


5 

700 

3 500 

570 

2,850 


10 

360 

3 600 

280 

2,800 


30 

180 

5 400 

150 

4,500 

Mice 

I 

5,000 

5 000 

4,000 

4 000 


2 

2,650 

5,300 

1,900 

3 800 


5 

750 

3,750 

540 

2 700 


10 

440 

4400 

350 

3 500 


30 

185 

5,550 

150 

4,500 
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A more detailed analysis of the survival period of these animals shows that 
55 per cent of the rats and 53 per cent of the mice had died withm the first 
2 hours after exposure , durmg the next 48 hours a further 15 per cent of the 
rats and 22 per cent of the mice died , there were no further deaths among the 
rats and only 1 per cent among the mice, 30 per cent of the rats and 23 per 
cent of the mice survivmg The rapid lethal action of fluorophosphonates 
becomes even more evident if the deaths occurring durmg the first two hours 
are grouped in half-hour intervals , if for this calculation the deaths after 30-min 
exposure are omitted, it is found that the majonty of animals died within the 
first half-hour after exposure Of the 108 rats dymg withm the first two hours, 
95 died withm the fitrst, 10 withm the second, and 3 withm the third half-hout 
period after the begmnmg of exposure , the corresponding figures for 207 mice 
dymg durmg the first two hours were 183, 10, 9, and 8 mice respectively for the 
four half-hour intervals 

Injection into animals 

After mjection of a solution of the dnsopropyl ester m normal saline mto the 
ear vein of rabbits there was excessive salivation, muscular twitchmgs, and loss 
of muscular co-ordmation, sometimes urmation and defaecation and usually con- 
vulsions pnor to death The pulse-rate was slowed like the respiratory-rate, but 
respiration ceased before the heart stopped beatmg There was constriction of 
the pupils, commencmg 2-5 min after injection The LD50 determmed in a 
small number of rabbits was 0 5-0 75 mg /kg 

The LD50 for mice for subcutaneous mjection of the dirs'opropyl ester dis 
solved in normal salme was 4 mg /kg , determmed by graphical interpolation of 
the results of injections into batches of mice over a suitable dose range 

Atropine 

Since It had been found (see Adnan, Fcldberg and Kilby, 1946, 1947) that fluoro- 
phosphonates were extremely strong inhibitors of cholinesterase, expenments were made 
to determine whether atropine would be an effective antidote 

In rabbits intravenous injecUons of atropine were made either before or immediately 
after intrasenous injecuon of a lethal dose of difsopropyl fluorophosphonate When 
atropine was injected after the ester it was incapable of saving life, but when it was injected 
before the ester it appeared to reduce the death rate For instance, when atropine (m 
doses between 4 and 50 mg /kg) was injected immediately after a lethal dose of diiropropyl 
fluorophosphonate (1 mg /kg) the sole effect was to alleviate the seventy of the symptoms 
and postpone death for a short time This effect of atropme occurred only if the atropine 
was given immediately after the fluorophosphonate, if given only a few minutes later 
atropine had no alleviating effects whatever When, on the other hand, atrdpine (10 mg 
per kg) was given intravenously 10 min before a lethal intravenous dose of fluoro 
phosphonate (1 mg /kg) the appearance of symptoms was not only delayed and their 
seventy reduced, but the lives of some of the animals were actually saved , for instance, 
out of five rabbits so treated, three survived and the other two died only after IJ- to 3i days, 
whereas all five control rabbits, given the fluorophosphonate without atropine, died withm 
45 min 
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Discussion 

The toxic effects of the fluorophosphonates resemble m many respects those 
of eserme and prostigmme and are probably due to the anti-cholmesterase 
activity which these esters have been shown to exhibit (Adrian, Feldberg, and 
Kilby, 1946, 1947) Parasympathomunetic effects are very pronounced the eye 
effects, the excessive sahvation and lacrimation, and the slowing of the heart 
may easily be explamed as being due to accumulation of acetylcholme released 
from the parasympathetic endmgs It is thus not surprismg that these effects 
are alleviated by atropme In addition, the fluorophosphonates appear to have 
a definite “ mcotine-like ” action on skeletal muscle and on the central nervous 
system The excitatory effects of fluorophosphonates on these structures are 
less pronounced, and the paralysing effects predommate The fluorophosphonates 
share this predommance of a paralysing action with other anti-cholmesterases, 
and the problem of why under certain conditions some mhibjtors of cholmesterase 
are mamly excitatory and others mainly depressant has never been satisfactonly 
explamed (For review see Feldberg, 1945 ) 

Death from fluorophosphonate poisonmg probably results from respiratory 
failure, partly owmg to obstruction of bronchioles, but mamly to paralysis of 
the respiratory centre , m this way, too, the fluorophosphonates resemble other 
anti-cholmesterases However, no detailed analysis has been made of the exact 
nature of the cause of death 


Summary 

1 Inhalation of fluorophosphonates m man and animals leads to respiratory 
distress, pupiUary constriction, and spasm of accommodation In animals, 
inhalation m higher concentrations than those used m man causes m addition 
excessive salivation, lacrimation, convulsions, and death, probably owmg to 
respiratory failure Similar effects are observed in animals on intravenous 
injection of fluorophosphonates 

2 The percentage of deaths among small animals after 10 mm exposure to 
various concentrations of dimethyl, diethyl, and duropropyl fluorophosphonates 
IS recorded The concentration of duropropyl fluorophosphonate which will kill 
50 per cent of rats or mice exposed (LC50) was found for 1, 2, 5, 10, and 30 mm 
exposures The product of the LC50 and the tune of exposure m mmutes (the 
LO50) was found to vary between 2,700 and 4,500 mg /cu m / mm The LC/50 
showed a mmunum for 5 to 10 mm exposures 

3 Death, if it occurred, usually took place within the first half-hour after 
exposure 

4 The LD50 of dusopropyl fluorophosphonate is about 4 mg /kg for sub- 
cutaneous injection in mice and 0 5-0 75 mg /kg for intravenous injection m 
rabbits 
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5 Atropine given before the fluorophosphonate alleviated the seventy of 
symptoms and reduced the death rate, but had little effect if given afterwards 

We ate indebted to Professor E D Adrian and Dr W Feldberg for much helpful 
advice and cntiasm dunng this work, and to the Chief Scientist, Ministry of Supply, for 
permission to publish these results 
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Berger and Bradley (194d, 1947) have shown that a ^-dihydroxy-y-(2'methyl- 
phenoxy)-propane (“ myanesin ”) produces muscular relaxation and paralysis m 
experimental anunals The effects of the drug are of particular interest because 
paralysing doses of myanesm do not cause arrest of respiration In this respect 
myanesin differs from curare and similar muscle-relaxmg agents, which do not 
produce paralysis without simultaneous respiratory depression or arrest It was 
therefore of mterest to examme in greater detail the mechanism by which the 
effects of myanesin arc produced This report describes certam aspects of the 
action of the drug on voluntary muscle, the myoneural junction, peripheral nerves, 
and the central nervous system 

Action on the isolated voluntary muscle 

The action of myanesin was investigated on the isolated rectus abdommis of the frog 
{R temporana) dunng November and December The muscle was suspended m oxygenated 
Ringer’s solution and arranged for recording the contractions on a kymograph Concentra- 
tions of drugs were expressed as final concentrations in contact with the muscle Myanesin 
at 1 in 750 or higher dilutions did not cause any effects Stronger solutions such as 1 in 500 
produced a slow contracture, which began about 10 minutes after the addition of the drug 
and gradually increased until about 1 hour later the muscle had shortened by about one 
quarter of the maximum possible contraction At this stage the muscle still responded to 
electncal stimulation 

The effect of myanesin on the contraction produced by acetylcholine was also 
investigated Acetylcholine, 1 100,000, produced almost maximum contraction , after 
2 similar contractions had been produced, myanesm or other drugs were added and allowed 
to remain in contact with the muscle for 10 minutes The muscle was then washed and 
the response to acetylcholine retested at suitable intervals until contractions were obtained 
similar to those before application of the drug 

Table I gives the reduction of the contraction expressed as the percentage of 
the contraction before administration of the drug Myanesin 1 m 1,000 reduced 
the response to acetylchohne to about one half and 1 m 750 to about one third 
Stronger solutions of myanesm were not used because they affected the muscle 
Itself Tubocuranne chloride and procaine hydrochlonde, when similarly 
exammed, were found to exert a very much stronger effect than myanesin The 
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TABLE I 

THE ANTAGONISTIC EFFECT OF MYANESIN AND TUBOCURARINE ON CONTRACTIONS OF THE 

frog’s RECTUS ABDOMINIS 


Contractioos were produced by acetylcholine 1 in 100,000 


Drug 

Dilution 

Reduction of contraction 
i as per cent of original 



1 contraction 


Myanesm 

1 

1 1 

1 > 

2,000 

1,000 

750 

25 

53 

68 

Tubocurarine chlonde 

i I 

1,000,000 

36 


1 

750,000 

46 


1 

500,000 

60 


1 

100,000 1 

93 


concentrations of tubocurarine chlonde, procaine, and myanesm causing approxi- 
mately 50 per cent reduction m the response to acetylcholine were 1 m 700,000, 
1 m 6,000, and 1 in 1,000 respectively 

The experunents show that myanesm in high dilution does not antagonize 
the action of acetylcholme on voluntary muscle It is therefore likely “that 
myanesm produces its effects by a mechamsm different from that of curare 
Although myanesm and procaine are local anaesthetics of almost equal potency, 
procaine antagonizes the effects of acetylcholme more strongly than myanesm 
This observation suggests that the curare-like action of local anaesthetics is an 
mdependent property of such drugs and may have httle relation to their paralysmg 
effects on nerve endings or nerve trunks 

Effect on peripheral nerves 

The action of myanesm on the motor nerve was examined on a simple muscle nerve 
preparation of the frog The sciatic nerve was immersed in a solution of the drug 
Excitability was tested at the cut end of the nerve at 1 minute intervals with galvanic current 
from an induction coil The time after which contraction of the muscle was abolished 
was noted The action on sensory nerves was examined by the plexus anaesthesia method 
in frogs and the intracutaneous weal method in guinea-pigs as descnbed by BUlbiing and 
Wajda (1945) Cocaine or procaine were used as standards of comparison All drugs 
were used at three dose levels 


TABLE n 

LOCAL ANAESTHETIC POTENCY OF MYANESIN EXPRESSED IN TERMS OF PROCAINE AND COCAINE 


Method 

1 

Number 
of animals 
used with 
myanesm 

1 Number 

I of animals 
used with 
procaine 

1 Potenev as 
percentage 
of that of 
procaine 

Number 
of anunals [ 
used with I 
cocaine 

Potency as 
percentage 
of that of 
cocaine 

Motor nerxe (frog) ' 

12 

12 

98 

12 

35 

Sensorv nerve (frog) 
Intracutaneous weal (guinea- 

12 

12 

96 

12 

39 

pie) 

IS 

i 

18 

I 

69 j 

— 
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The results are summanzed in Table IT Myanesin had about the same 
potency as procaine and one third that of cocame when tested on the motor and 
sensory nerve of the frog When exammed by the mtracutaneous weal method 
in gumea-pigs, myanesm had about two thirds of the activity of procame The 
relatively weak local anaesthetic action of myanesin suggests that the paralysmg 
effect of the drug is not due to a direct action on penpheral nerves 

The curare-like action 

It has been shown previously that myanesin in large and nearly lethal doses 
can produce paralysis of the muscle to indirect but not to direct stimulation 
This effect may be due either to a curare-like action at the myoneural junction 
or to a more central paralysis of the nerve-endings (Berger and Bradley, 1946) 
Further experiments were carried out to ascertain the importance of this effect 
in myanesin paralysis 

(a) Experiments on cats — Chloralosed or decerebrated cats were arranged for registra- 
tion of contractions of the' gastrocnemius muscle The muscle was stimulated alternately 
directly and indirectly at 10 seconds intervals by single mduction shocks Intravenous 
injection of myanesin in doses up to 150 mg did not effect the response to direct or indirect 
stimulation in any way Tubocurarine chlonde (0 5 mg) abolished the response of the 
muscle to indirect stimulation but hardly influenced the response to direct stimulation 
The experiments show that myanesin injected mto cats in doses of 150 mg does not possess 
curare-like action 

(h) Experiments on mice — ^White mice weighing 18 to 22 grams were injected intra- 
peritoneally with myanesin, cocaine, or procaine After 10 mmutes they were anaesthetized 
with ether and decerebrated The sciatic nerve was then exposed in the gluteal region and 
cut Fifteen and thirty minutes after injection of the drug, the peripheral end of the nerve 
was stimulated with faradic current of increasing voltage and the presence or absence of 
contraction of the muscles of the leg was noted 

Myanesm m doses of 300 mg per kg (i e , about 50 per cent of the LD50) 
did not cause paralysis of the muscle to mduect stimulation Larger doses such 
as 500 mg per kg (80 per cent of the LD50) made even the strongest stimulation 
of the nerve ineffective after 30 mm , but did not significantly alter the threshold 
to direct stunulation The disappearance of the response to indirect stimulation 
could be caused by a depression of neuromuscular transmission or by paralysis 
of the nerve It was of interest to ascertain whether other local anaesthetics, 
such as cocame or procame, could paralyse motor nerves when administered in 
very large doses Cocame in doses as large as 100 mg per kg (LD75) did not 
abolish dr impair the response to mdirect stimulation Similar results were 
obtained with procaine It does not appear possible to produce paralysis of 
penpheral nerves by the systemic administration of local anaesthetics such as 
cocaine or procame It is therefore unlikely that paralysis to indirect stimulation 
produced by large doses of myanesm could be due to a paralysing action on the 
nerve, particularly as myanesm is a less potent local anaesthetic than cocame 
Myanesin may have an effect on the nerve because of a selective affinity of the 
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nerve tissue for the drug, but no evidence in favour of this assumption is avail 
able It appears more likely that myanesin can block neuromuscular transmission 
when admimstered m very large doses This curare-like effect does not play any 
part m the production of reversible muscular paralysis with smaller doses because 
under such conditions paralysis to mdirect stimulation was never observed 

The myanesm-strychnme antagonism 

It has been shown previously that myanesm can antagonize the actions of 
strychnme (Berger and Bradley, 1946) In those experiments the drugs were 
administered subcutaneously m 2 5 per cent gum acacia solution To measure 
the antagonistic effect more accurately a senes of experiments was carried out 
m which the drugs were administered mtravenously With this mode of adrmnis 
tration, variations due to differences in the speed of absorption were eliminated 

White mice weighing 18 to 11 grams were used In)ections were made into the tail 
vein at a rate of 0 3 c c per minute The convulsant and myanesm were injected together 
in a volume of 0 4 c c per 20 grams body weight 

The minimal lethal doses (MLD), approximately equal to the LD80, of strychnme 
sulphate and leptazol were 0 43 and 100 mg per kg respectively The median lethal dose 
(LD50) of myanesm was 320 mg per kg 

Mice were injected with single minimal lethal doses of strychnme or leptazol, or 
multiples thereof Myanesm was administered simultaneously and, for each dose of the 
convulsant, doses of myanesm were found which protected some of the animals from death 
From these values the dose of myanesm protechng 50 per cent of animals was found 
graphically by plotting the probits of the percentage mortality against the log doses 


TABLE m 

STRYCHNINF-MYANESIN ANTAGONISM AFTER SIMULTANEOUS INTRAVENOUS ADSUNISTRATION TO MICE 


Strychnine 
dose as 
multiple 
of MLD 

Myanesm 

Ratio to number 
injected of number 

Dose of 
myanesin 
protecting 
50% of mice 
mg /kg 

mg /kg 

fraction 

ofLDSO 

convulsed 

died 

1 





35/35 



1 

40 1 

1/8 

0/10 


12 

1 

20 ! 

1/16 

2/10 



1 1 

10 1 

1/32 

9/10 



2 

80 

1/4 

0/20 

0/20 


2 

40 1 

1/8 

17/20 

7/20 

34 

2 

20 1 

1 

1/16 

10/10 

9/10 


3 

320 

1 

0/10 

0/10 

- 

3 

160 

1/2 

, 6/10 

, 2/10 

80 

3 

80 

1/4 

1 10/10 

1 5/10 


4 

320 

1 

7/20 

12/20 


4 

160 

1 1/2 

20/20 

10/20 

160 

4 

80 

1/4 

10/10 

10/10 
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The antagonistic action of myanesin against leptazol was relatively weak 
About one quarter of the LD50 of myanesin protected 50 per cent of the animals^ 
agamst 1 MLD of leptazol The effect of myanesm in mamtammg life was 
greater than its power to prevent the occurrence of convulsions Protection 
against 2 MLD of leptazol could not be obtained even when admmistered together 
with one LD50 dose of myanesin 

The antagonistic action of myanesm to the effects of strychnine was well 
marked Animals could be protected from the effects of one MLD dose of 
strychnme by as little as one thirtieth of the LD50 of myanesm, and proportionally 
larger doses were able to antagonize larger doses of strychnme (Table HI) 

When the median protective dose of my- 
anesin was plotted again^ the dose of strych- 
nme, expressed in terms of MLD, both values 
being plotted on a logarithmic scale, an approxi- 
mately straight line was obtamed (Fig 1) 

In suitable dosage myanesm antagonized all 
the effects of strychnme, and anunals to which 
balanced mixtures of the two drugs had been 
admmistered appeared quite normal The 
myanesm-strychnme antagonism was more 
complete than the hexobarbitone-strychmne 
antagonism , m the latter it was not possible to 
find a balanced mixture, because doses of hexo- 
barbitone which protected mice from convul- 
sions and death caused a depression of greater 
duration and mtensity m tjie presence of strych- 
nme than m its absence 

Strychnme causes an mcrease of the reflex 
irritability of the spinal cord which may result 
m simultaneous contraction of all skeletal 
muscles if sufficiently large doses are given 
Myanesm selectively antagonized the effects of 
strychnme m doses which by themselves did 
not produce any effects It may therefore be 
inferred that myanesm decreased reflex hyper- 
excitability and prevented the passage of abnormal excitatory mipulses through 
the reflex arcs 

Effect on tetanus 

The effect of myanesin on expenmental tetanus was examined in white mice Ten 
micrograms of crude tetanus toxin were injected into the neighbourhood of the sciatic 
nerx'c high in the thigh Local tetanus was apparent about 12 hours later and all animals 
died of generalized tetanus in about 3 days Myanesin was administered mtrapentoneally 
or subcutaneously nt vanous times after tetanic spasms became apparent In doses of 



Fig 1 — Antagonism of myanesin 
and strychnine Abscissae 
Dose of strychnine as mul- 
tiple of MLD ' Ordinates 
Dose of myanesin protecting 
50 per cent of animals 
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150 to 200 mg per kg it completely abolished the spasm in all stages of the disease The 
board-hke ngidity of the extremities gave place to complete flaccidity a-few minutes after 
injection of the drug Myanesin in these doses did not cause depression of respiration or' 
any other untoward effects and poisoned animals under the influence of the drug were 
indistinguishable from control animals to which myanesin only had been given The 
effect of the drug lasted for about 30 min and was followed by a gradual reappearance 
of tetanus Repeated doses of myanesm caused similar effects and regularly released the 
spasm The impression was gamed that the life of the animal could have been saved by 
continuous or frequently repeated admimstration of the drug 

The action of tetanus toxin on the central nervous system is sunilar to that of 
strychnine The fact that myanesin can re-estabhsh reciprocal innervation m 
conditions produced by these two different agents gives nse to the hope that it 
may also influence pathological excitatory innervation caused by degenerative 
processes of the central nervous system 


Effect on knee jerk 

The eflfect of myanesm on the knee jerk was studied in cats The animals were 
anaesthetized with chloralose intravenously and arranged for recordmg of the knee jerk 
as desenbed by Schweitzer and Wnght (1937) The lunb was allowed to hang freely m 
order to facilitate observation of alteration in muscle tone The jerk as a rule was elicited 
every 10 seconds 

Myanesm did not abolish the knee jerk of healthy cats Intravenous doses rangmg 
from 20 to 150 mg per cat either did not cause any alteration or somewhat reduced the 
height of the myographic record (Fig 2) , the flexion at the knee joint was usually increased, 


30%)^ 



Fig 2 — Cat 2 8 kg Chloralose (0 08 g per kg) Record of knee jerk Time intervals 
30 seconds At arrow 30 mg myanesm slowly injected intravenously 


signify mg a decrease in the tonus in the muscles, but complete mhibition of the jerk was 
not obsersed 

Some of the cats used in the expenraents showed a very lively reflex followed by 
clonus Exaggerated reflex excitability and tremors were also observed m certain animals 
under light chloralose anaesthesia (0 05 g. chloralose pier kg ) Myanesm had a jlefinite 
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effect on the knee jerk of these anunals (Fig 3A and B and Fig 4) It inhibited clonus 
and tremors, abolished the irregular responses to patellar stimulation and reduced the 
knee jerk to its usual size These effects could be produced with small doses of myanesm 
(20 to 30 mg per 3 1 g cat) The effect set in almost immediately and lasted for about 
20 minutes and sometimes longer 


A ' B 



Fig 3 — Records of knee jerk in cats weighing 2 8-3 1 kg Jerk elicited every 10 seconds 
Drugs injected intravenously A Chloralose 0 05 g per kg , myanesm 50 mg B 
Chloralosc 0 (36 g per kg , myanesm 150 mg C Chloralose 0 06 g per kg , strychnine 
0 2 mg., jnyanesm 50 mg D Chloralose 0 05 g per kg , strychnine 0 4 mg , myanesm 
100 mg 


The effect of myanesm on the expenmentally increased knee jerk was also studied 
Cats were injected %vith doses of strychnine insufficient to cause convulsions but produemg 
exaggerated reflex activity Myanesm in small doses promptly counteracted this mcreased 
reflex excitability and caused an immediate reduction of the reflex to the level present 
before admmistration of strychnme (Fig 3C and D ) 

The effects of myanesm on the knee jerk of rabbits anaesthetized with urethane were 
also examined , they were similar to those observed in cats Myanesm, 100 mg per rabbit 
weighing about 3 kg , caused a decrease in the size of a few jerks immediately foUowmg 
the mjection Smaller doses did not influence the size of the jerl but abolished tremors, 
clonus and spontaneous movements of the leg 
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Fig 4 — Record of knee jerk Cat 3 4 kg Chloralose 0 08 g per kg Time interval 30 secords 
At first arrow 30 mg myanesin, at second arrow 100 mg myanesm i v Between A and 
B a piece of the record occupying 40 minutes was cut out 


The experiments show that although myanesm has little effect on the normal 
knee jerk of the cat, it is very effective in reducing an exaggerated reflex to its 
normal size Myanesin m suitable doses may therefore exert an inhibiting action 
on pathologically exaggerated functions of the central nervous system without ' 
ipfluencmg normal reflexes 


Discussion 

The experiments reported m this paper show that the effects produced by 
myanesm are due to its peculiar action on the spinal cord Myanesm selectively 
depresses hyperexcitabihty of spmal reflexes, but hardly influences the normal 
reflex actions mediated through the cord Symptoms of hyperactivity, whether 
due to the action of poisons or to light anaesthesia, can be inhibited with smaller 
doses of myanesm than those icquned for the depression of normal physiological 
functions Strychnme convulsions m mice can be counteracted with as little as 
20 mg per kg mtravenously, but 150 mg per kg or more, admimstered by the 
same route, are required to paralyse the animal In cats 20 mg abolished tremors 
and clonus, but 150 mg did not abolish the knee jerk The relation between the 
dose required to bnng hyperfunction hack to normal and that causing depression 
of normal function wns approximately the same with mice, rabbits, and cats 

The depressant action of myanesm on the penpheral nerves (the local anaes- 
thetic action) IS too weak to play any part m the effects produced by systemte 
administration of myanesm In concentrations which can be achieved after 
systemic administration, myanesin does not exert any direct relaxing action on 
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muscles and docs not block the action of acetylcholine on them The curare-like 
action obtamed with large doses is of toxicological interest only and never 
becomes apparent with doses from which animals recover It is mcorrect to call 
myanesm a curanzing agent, because doses causing relaxation during anaesthesia 
do not influence neuromuscular transmission, but produce relaxation by a 
depressant action m the spmal cord 

Muscular relaxation produced by myanesm differs from that produced by 
curare not only in that the drugs act on different structures, but also m the order 
and degree m which various groups of muscles are affected With curare, muscles 
with cranial innervation are affected first , the peripheral and intercostal muscles 
are paralysed next, and with complete curarization the diaphragm is affected to 
almost the same extent as other muscles With myanesm the muscles of the 
posterior half of the body are affected first, next the peripheral and intercostal 
muscles, then the cranial muscles , the diaphragm is affected last and there is a 
distmct margm between doses causing muscular paralysis and those causmg arrest 
of respiration 

Both curare and myanesm have been used for the production of muscular 
relaxation during anaesthesia (Malhnson, 1947) Curare is the agent of choice 
for complete suppression of respiration, such as is required durmg certain opera- 
tions on the lungs Myanesm, on the other hand, appears to be more useful for 
the production of muscular relaxation when suppression of respiration is not 
desured Myanesm should, never be used for the production of respiratory arrest, 
because the doses required for this purpose are large and affect the heart and 
blood pressure 

Occasionally when an attempt was made to produce respnatory arrest m an 
already paralysed rabbit by rapid intravenous in 3 ection of myanesm, a general 
rigidity without arrest of respiration developed The rigidity, which m appear- 
ance was similar to decerebrate rigidity, lasted for about 1 min and was followed 
by profound muscular relaxation from which the animals recovered The cause 
of this symptom is not understood It may be due to a direct action on the 
muscle It was observed only m certam rabbits after rapid intravenous mjection 
of concentrated solutions It was not seen m anaesthetized anunals Other 
species of animals, as well as most rabbits, showed respiratory arrest if 
administration was continued after complete paralysis was obtamed 

The rigidity observed after rapid intravenous mjection to certain non-anaes- 
thetized rabbits is the only sign of stunulation which has been observed with 
myanesm With this exception myanesm caused pure depression m aU species 
which were exammed and at aU dose levels Crystallme J-tubocurarme chloride, 
on the other hand, may cause conspicuous signs of central stimulation such as 
tremblmg, hyperexcitability to stimuli, muscle twitchmg, and convulsions These 
symptoms are particularly well marked m mice and rats, but can also be observed 
m other species (Cohnberg, 1946) 
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West (1935) observed that certain samples of curare removed the violent 
spasm of parathyroid tetany m dogs without paralysmg the anunal This selective 
removal of pathological rigidities without apparent dunmution of voluntary 
power was termed hssive action by West Pure crystallme tubocurarme chlonde 
possessed no trace of lissive power m dogs 

Experiments reported m this paper mdicate that myanesm possesses a lissive 
action It should, therefore, prove useful m the treatment of spastic paralysis, 
hypertonic states, and tremors It may be expected that myanesm will be 
effective m these conditions m doses which do not affect consciousness, do not 
dunmish muscular power, and do mot cause side effects Similar results may also 
be expected after oral admmistration because myanesm is well absorbed from 
the mtestmal tract 


Summary 

1 Myanesm m high dilution had no direct action on the rectus abdommis 
of the frog and did not block the action of acetylchohne on this muscle 

2 The local action of myanesm on penpheral nerves was similar to that of 
procame 

3 In doses causmg reversible paralysis, myanesm did not possess a curare- 
like action, but toxic doses had a blockmg effect on the myoneural ]unction 

4 Myanesm had but little effect on the normal knee jerk An exaggerated 
knee jerk due to light anaesthesia, strychnme, or unknown causes was promptly 
reduced to the usual size 

5 Myanesm m small doses antagonized all the effects of strychnme and 
reheved tetanic spasm 

6 Myanesm had a selective depressant action on the spmal cord In doses 
which had httle effect on voluntary power it restored deranged reciprocal inner- 
vation to normal and counteracted symptoms caused by a release from inhibitions 
as observed durmg light anaesthesia The powerful effect of myanesm on tremors, 
increased reflex excitabihty, and similar symptoms suggests that it may be useful 
m the treatment of spastic and hypertomc conditions 

I wish to express my_ thanks to the Directors of The Bntish Drug Houses, Ltd , for 
their interest in the work and their permission to publish the results My thanks are also 
due to Mr R A Hall and to Misses B J O’Bnen, L F Camck, D M Culver, D M 
Gurney, B Hall E U Haywards and MEL Tattersall for technical assistance 
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THE USE OF DRUG ANTAGONISTS 
FOR THE IDENTIFICATION AND 
CLASSIFICATION OF DRUGS 

BY 

H O SCHILD 

From the Department of Pharmacology, University College, London 

mecelicd March 22 1947) 

A sensitive biological method for the identification of drugs has been 
descnbed by Chang and Gaddum (1933) It consists m estimating the activity 
of an unknown substance m terms of a standard, quantitatively, in several 
different pharmacological tests As a rule the ratio of activity between standard 
and unknown in different tests is only constant if the two samples are chemically 
identical, otherwise the ratio of activity in different tests vanes By this method 
even closely related substances may be differentiated 

Another biological method for the identification and differentiation of drugs 
consists m testmg quantitatively their responses towards antagonists It has 
been shown in a previous communication (Schild, 1947) that the effects of 
histamme and acetylcholme may be thus distinguished, smce many antagonists 
although unspecific at high concentrations will differentiate between these drugs 
at lower concentrations The present mvestigation is concerned with the question 
whether drugs which are more closely related than histamme and acetylcholine 
may also be differentiated m this way, or whether antagonists, even though they 
may be used m an exact and quantitative manner, would fail to discriminate 
between closely related substances 

If mdeed some drugs, although distinguishable chemically or by them relative 
activity in different pharmacological tests, could not be distinguished by their 
reactions to antagonists, they might conveniently be grouped mto a common 
pharmacological class It will be shown that drugs can m fact be found which 
are related m this way, and that if a certain simple scheme of drug action 
be accepted a rational classification of active drugs based on them responses to 
drug antagonists may be attempted 


Methods 

The expenments were done on the isolated ileum of the guinea-pig, employing the 
apparatus for assaying antagonists on isolated tissues which has previously been descnbed 
(Schild, 1947) 
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Plan of experiments-— The object of these experiments was to find out whether drugs 
could be differentiated by their responses to aptagomsts They were accordingly designed 
to test whether the effects of two given stimulant drugs would be reduced by some antagonist 
to the same extent or not 

The assays are performed in two stages In a preliminary experiment doses of the two 
active drugs producing approximatelv equal submaximal effects are determined as well as a 
concentration of the antagonistic drug sufficient to reduce these effects without completely 
aboUshing them In a final experiment these drugs are admmistered m the presence and 
in the absence of the antagonist in a planned sequence, which must be statistically unbiased 
in order to allow a statistical analysis of the results of each experiment to be made 

A typical experiment is shown m Fig 1 The order of addition of drugs to the bath is 
as follows The doses are administered in sets of four, each set consisting of a random 
sequence of one dose of each of the active drugs alone and a further dose of each of the 
active drugs in the presence of the antagonistic drug (after a prelimmary period of contact 
between tissue and antagonist of 2 mm ) After each administration of the antagonist 
several doses of the active drug alone are interjected in order to let the tissue recover, if 
possible, from the precedmg depression 

Persistent depression produced by antagonists is the most senous difificulty in plannmg 
an unbiased sequence of doses suitable for statistical analysis The depressant effect is 
partly overcome by interposmg doses of the active drug alone More fundamentally, the 
arrangement of the expenment itself is such that each of the active drugs has an equal 
chance of being preceded by a depressant injection, and it is thus unbiased with regard to 
the main point at issue It is merely a matter of convenience how many ‘ recovery ” penods 
of active drug alone are interposed and it may in some cases be more advantageous to have 
a fixed small number of such periods rather than to wait until the response has reached a 
steady state 

A complete experiment consists of several sets (randomized groups) of four doses The 
final effect is assessed by averaging the effects obtained in the mdividual sets If the two 
drugs arc depressed to the same extent by the antagonist, and J’a and j>B are the mean 
effects produced by drugs A and B, and f>Az and faz the mean effects produced by these 
drugs in the presence of the antagonist Z, 

Vk - Vaz = fn - Vbz 

or u + ^az = 5’b + v'az 

The latter equation is tested staUstically by an analysis of variance carried out as previ- 
ously described (Schild, 1942) In practice there is usually some deviation from theoretical 
equality, but unless this is statistically significant it may be assumed that both drugs have 
been depressed to the same extent 


Use of a Drug Antagonist for the Identification of an Unknown 

Substance 

Curare causes the release of a histamuie-hke substance from the perfused 
gastrocnemius muscle of the dog (Alam et al , 1959) In the present expenment 
h dog’s hind limb was perfused with defibnnated blood by means of a Dale- 
Schuster pump, the blood bemg oxygenated through the animal’s own lungs a 
solution of 50 mg crude curare was mjected into the artery perfusmg the limb 
and the effluent was collected The blood was extracted by Code’s method 
and the extract assayed on the guinea-pig’s ileum The apparent concentration 
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of histamine in tlie sample was 500 «g per 1 as agamst 16 p-g per 1 m the 
controls 

In order to identify the substance further the effect of a low concentration 
of benadryl (dunethylamineethyl benzhydryl ether hydrochloride) on it was 
compared with the effect of the same concentration of benadryl on histamine 
The- experiment is illustrated m Fig 1 A concentration of benadryl of 1 150 



Fig 1 — Assay to test whether the effects of histamine (H) and an unknown substance (C) 
released from skeletal muscle by curare are reduced to the same extent by benadryl (B) 
Sequence of injections explained m the text Vertical lines represent the effects of 
test doses of the two drugs given in the presence and in the absence of the antagonist, 
each effect being repeated 4 tunes The irregular curves represent the effects of a 
constant dose of histamine given in order to allow the preparation to recover from 
a preceding dose of benadryl Note incomplete reversal of depression 

million produced an appreciable reduction of the effects of both histamme and 
the unknown substance There also occurred a progressive detenoration of 
the preparation, presumably due to the cumulative effects of the antagonist In 
spite of this and the unequal effects produced by individual doses of the 
antagonist, the mean reduction of effect of the two active drugs is almost identical 

The results of an analysis of variance of this experiment are shown in Table I In the 
last column the mean square for each item should be compared with the mean square for 
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error Two of the mean squares are smaller than the error mean square and thus statistic 
ally obviously not significant One of these is the mean square which assesses the relative 
reduction of the effects of histamine and the extract by benadryl Since there is no signifi- 

TABLE r 


ANALYSIS OF VARIANCE OF BENADRYL DEPRESSION OF HISTAMINE AND HISTAMINE-LIRE 
SUBSTANCE RELEASED BY CUR^RE 


Source of variation 

Sum of 
squares 

Degrees of 
freedom 

Mean 

square 

Between successive ^randomized groups” 

4805 

3 

1602 

Between histamme and extract 

25 

1 

25 

Between active drugs alone and active drugs -b benadryl 
( slope’) 

1764 

1 

1764 

Between depression of histamme effect by benadryl and 
depression of extract effect by benadryl 

6 

1 

6 

Error 

502 

9 

56 

Total 

7102 

15 



<■ cant difference the reduction of the two effects may be assumed to be equal and the main 
object of the expenment is achieved A further incidental result is a lack of statistically 
significant difference between the effects produced by histamine and the extract, indicating 
that the activity of the extract might reasonably be assumed to be 500 per 1 as onginally 
assumed Two of the mean squares are much higher than the mean square for error and 
statistically significant One of these is the mean square for " slope ” mdicating that the 
concentration of benadryl used produced a sigmficant reduction of effect The other is the 
mean square between successive ‘ randomized groups,” showing that a real change in 
sensitivity, in this case a progressive detenoration^ occurred m the course of the expenment 

Similar results were obtamed m two further experiments 
It was concluded that since benadryl does not discrunmate between the 
two substances they ^re likely to be related of* possibly identical 

Drugs which are Indistinguishable by their Reaction to Antagonists 

NH— CH 

N-methylhistamine, UCX^ jj 

N C CHjCHjNHCH, 

has been synthettzed by Garforth and Pyman (1935) Its pharmacological 
actions were mvestigated by Vartiamen (1935) who found it to be twice as 
active as histamme on the gumea-pig’s ileum and about half as active as 
histamine on the c-at’s blood pressure Since histamme and its N-methyl denva 
tive are closely related, as well as clearly distmguishable by their relative activity 
in different pharmacological tests, they were selected as a representative pair to 
investigate the effect of antagonists on closely related substances 

In the followmg experiments the effects of three different antagonists on the 
action of equiactive concentrations of histamme and N-methylhistamme were 








VSE OF DRUG ANTAGONISTS 


255 


studied The N-methyl derivative was approximately 2 5 times as active as 
histamine m terms of molar concentrations The antagonists used were 
antergan (N N-dimethyl-N'-phenyl-N'-benzylethylene diamme hydrochlonde , 
Halpem, 1942), pethidine, and atropine The results are illustrated in Fig 2 


Means 





Fig 2 — Reduction of the effects of histamine ( ) and N-methylhistamine ( ) 

by three different antagonists The molar concentration of histamine used was 
approximately 2 5 times that of N-methylhistamine 


Points in the top left-hand corner of each square represent the effects of histamme or 
N-methylhistamine alone, the lower points the effect of these drugs in the presence of a 
constant concentration of antagonist Successive squares in a honzontal row represent 
effects in successive randomized groups ” and the final square the anthmetical mean of 
effects, all obtained on the same strip of intestine 

The results were analysed statistically as m the previous example and it 
could be shown that a given concentration of each antagonist produced, withm 
statistical limits, the same reduction of effect of the two stimulant drugs It 
was concluded that none of the three antagonists is capable of discrimmatmg 
between histamme and N-methylhistamme 

These expenments show that certam drugs react m an analogous manner 
towards antagomsts of very different chemical and pharmacological nature It 
is doubtful if any antagonist could be found to discrimmate between histamme 
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and Its N-methyl derivative If the unknown substance discussed m the pre- 
ceding section had m fact been N-methylhistamme it could not have been 
distmguished from histamme by means of these antagonists 

Use of Antagonists for the Classification of Drugs 

It might reasonably be assumed that drugs which m a given pharmacological 
test could not be differentiated by then* reaction towards antagonists, or, more 
precisely, drugs which m the presence of any effective antagonist showed equal 
reductions of equal effects, would be closely related m then: pharmacological 
action on the particular test object used Conversely, drugs which could be 
differentiated by their reactions towards most antagonists except the most 
unspecific ones might be said to be pharmacologically unrelated 

In thus using the effects of antagonistic drugs as a criterion for classifying 
active drugs, the followmg scheme of drug action might perhaps be visualized 
It may be assumed that between the first impact of a drug on the tissue and its 
final effect, muscular contraction m this case, a series of successive processes 
occur with any of which antagonists can mterfere Two successive stages are 
indicated m Fig 3 

Drugs 

Afi C 

flo O 

Antagonists J \ /• 



Fig 3 — Site of action of antagonists If A and B stand for histamine and N-methylhistamine 
and C for acetylcholine, it is possible that small concentrations of antagomsts may act 
at one of the pnmary sites only, whilst larger concentrations may also antagonize a 
later common reaction 

If two drugs have different pnmary pomts of impact then* reactions must 
sooner or later converge mto a final common path An antagonist may mterfere 
with the action of a stimulant drug either before or after 'a common final path 
with some other drug is reached Thus antagonist I reduces only the action of 
drugs A and B, but not that of C, whilst antagonist 11 reduces A, B and C It 
may further be assumed at least as a first approximation, that an antagonist 
acting at a given site would reduce the effect of those drugfe with whose pathways 
It interferes to the same extent Thus antagonist I would depress A and B equally 
and antagonist II A and B and possibly C equally 

It follows that if two drugs such as A and B act by the same mechanism, 
their effects will be reduced to the same extent by antagonists, independently of 
whether the latter exert their action by competmg for a pnmary site or by 
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interfering with some other reaction involved in the contractile process Such 
drugs might well be classed together into a primary pharmacological class 

Antagonists may of course act at more than one site A possible explanation 
for the dual action of drugs such as atropine and neo-antergan (Schild, 1947), 
which antagonize both histamine and acetylcholine at relatively high concen- 
trations, but only one of the two at low concentrations, would be that at low 
concentrations the antagomsts act at the level of I only and at high concentrations 
at the level of II as well as of I Another way of explaining the dual action 
would be to assume that at high concentrations neo-antergan begins to affect 
the primary site for acetylcholine and atropme to affect the primary site for 
histamine At any rate it is clear that at higher concentrations these antagonists 
must act on at least two sites 

The scheme is capable of expansion to mclude the action of further groups 
of drugs and then antagonists A scheme of this kind cannot, however, account 
for special types of antagonism, such as a chemical combination between active 
drug and antagonist 

Discussion 

One of the earliest attempts at classifymg drugs by then reaction to 
antagomsts was the classification of substances contractmg plam muscle into 
musculotropic and neurotropic according to then reaction to atropme Various 
objections have been raised from time to tune to this conception 

It was pomted out by Magnus (1905) that usmg the cntenon of atropine to 
localize the site of action of drugs m the intestme implied firstly that atropme 
had only one site of action m the wall of the mtestme and secondly that the 
effect of atropme could not be reversed by some other drug actmg on the same 
site Both these assumptions were unlikely to be true It was mdeed shown 
by Magnus himself that atropine had more than one site of action m the mtestme 
and that it would antagonize at different concentrations drugs belongmg to quite 
different groups such as pilocarpine and barium, and it had been shown by 
Langley and others that there existed a quantitative antagonism between atropme 
and pilocarpine This line of criticism does not necessarily invalidate the use 
of drug antagomsts for locaiizmg the site of action of drugs , rather it pomts to 
the necessity of re finin g these methods by usmg drug antagonists m a more 
quantitative way In practice the settmg apart of a group of “ muscarmic ” drugs 
(Dale, 1914), exceptionally sensitive to atropme, has been extremely fruitful, and 
although the localization imphed m the term “ neurotropic ” cannot be mam- 
tamed any longer, these drugs must still be regarded as formmg a group apart, 
likely to have a common mechanism of action 

From another pomt of view the old classification has been cnticized by 
Wmder et al (1946) These workers came to the conclusion that a subdivision 
mto two groups was madequate, smce m addition to the acetylcholine group, a 
histamine and a banum group of plam muscle stimulants could be clearly dis- 
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tinguished by their differential reactions towards antagonists There is, however, 
no special reason for confining plain muscle stimulant drugs to three types only 
and it \vould seem reasonable to look for further types to be differentiated by 
their reactions towards antagonists This is precisely what the present classil|f 
cation proposes to do, since drugs which react quantitatively alike to antagonists 
are placed together, and drugs which can be differentiated by their quantitative 
response to antagonists are separated 

The first distmguishmg feature of the proposed classification is that it relies 
upon a quantitative discrimmation, the second that it relies upon the response 
to several antagomsts rather than to a^arngle one , only those drugs are assigned 
to a primary pharmacological class (in relation to a given tissue) which respond ^ 
in a quantitatively identical manner to every effective antagonist This method 
of classification has the ment of bemg sharply defined, but it may ultimately 
prove to have been too rigidly conceived In a more general way, however, 
quantitative sunilanty in behaviour to antagonists is bound to denote some 
pharmacological relationship between drugs, and the recognition of these 
relationships may eventually lead to a better understanding of the mechanism 
of action of drugs 

Summary 

1 A method is descnbed for evaluatmg statistically whether the effects of 
two drugs are reduced equally by antagomsts 

2 If equal effects are produced on the guinea-pig’s ileum by histamme and 
N-raethylhistamme, they are antagonized to the same extent, quantitatively, by 
effective concentrations of three different antagonists Smulariy the effects of 
histamine and a histamme-like substance released from stnated muscle by curare 
are equally depressed by an antagonistic drug It is concluded that antagomsts 
probably cannot be used to discriminate between closely related drugs 

3 A scheme of drug action is proposed which can serve as a basis for a 
classification of active drugs by means of drug antagomsts 

I am indebted to Dr A L Mornson of the Roche Research Department for prepanng 
N N-dimethyl-N'-phenyl-N'-benzylethylene-diamme, and to Dr Harold King for a supply 
of N-methylhistamine 
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THE INFLUENCE OF CALCIUM AND POTASSIUM 
IONS ON THE TOXICITY OF OUABAIN 

BY 

J B E BAKER 

From the Department of Pharmacology, Oxford 

(Received April 22 1947) 

In the mass of literature dealing with digitalis and Cz and K ions there 
are no quantitative results showing the influence of varying amounts of these 
ions on the action of a constant dose of glycoside , nor are there any laboratory 
observations on the effects of Ca or K on the symptom of digitalis vomiting 
Accordmgly the following studies have been made 

Anaesthetized rabbits have been used to determine (i) the lethal dose of 
ouabain infused mtravenously at constant rate in physiological salme, (ii) the 
lethal dose of the same concentration of ouabam infused together with increasing 
concentrations of CaCU, and (in) the lethal dose of the same concentration of 
ouabain infused together with mcreasmg concentrations of KCl 

Perfused rabbit hearts have been used to determme the effect of alterations 
in the amount of (a) CaCL and (b) KCl in the Locke solution on the effect of a 
fixed concentration of ouabam 

Pigeons have been used to determine whether the mjection of KCl modified 
the action of ouabam in causmg vomitmg 

Experimental Results 

{a) Anaesthetized rabbits 

Method — Thirty-four animals were used All were given urethane by ear vein till 
full surgical anaesthesia was reached, the dose necessary being remarkably constant at 
1 55 g (6 2 ml of 25 per cent (w/v) in distilled water) per kg of rabbit given over 10-15 min 
Urethane was used in order to avoid ether, which increases the scatter of results of digitalis 
assay by the cat method (Bum, 1937) , the quantity agrees well with the 18 g /kg usually 
recommended for cats intramuscularly Cannulae were inserted into the trachea, the left 
carotid artery for recording the blood pressure by mercury manometer, and the left femoral 
vein for the infusion of solutions Artificial respiration was given by a pump as soon as 
an animal’s respiration began to be shallow Into all animals, except controls, ouabain 
(20 H-g /ml) was infused m physiological saline at the constant rate of 0 15 ml /min /kg 
rabbit This rate of infusion is within the optimum range (Rapson and Underhill, 1935) 
Observations on the effects of Ca and K on the lethal dose of ouabain were made by adding 
varying amounts of CaCL or KCl to the infusion, and the end-poinl; of an infusion was 
taken as the point at which blood pressure suddenly fell to zero without recovery The 
animals were thus m the following groups 

(i) Receiving ouabain alone 

(ii) Receiving ouabain + 1, 2 or 3 per cent (w/v) CaCL 
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(ni) Receiving ouabain + 05, ] or 2 per cent (w/y) KCl 
(iv) Controls receiving 3 per cent CaClj alone 

The control animals needed more than 0 5 g CaClj/kg to kill them, in agreement with 
Nahum and Hoff (1937) who gave 10 per cent CaClj at 2 ml /min In the present senes 
none of the rabbits receiving ouabain and calcium received more than 0 09 g CaCl /kg 
Since the effects of KCl on digitalis toxicity were protective, no controls with KCl alone 
were considered necessary 

Results — In order to compare the relative effects of CaCIa and KCl on 
the action of ouabain, concentrations were expressed as molarities, but per- 
centage concentrations (w/v) were also recorded for convenience (Table I) The 
mean results are represented graphically in Fig 1 in ordef to show the difference 


TABLE 1 

RABBITS Femoral vein infusions of 20 fig ouabain/ml at 0 15 ml /kg /mm 


Fluid mfused 

Individual LD ouabain 
figfkg rabbit 

wm 

Ouabain and CaCh 



Amount of CaQ. 



lytolanty y 10 j 

Per cent 


1 

27 

3 

30 5, 36 5, 35 7, 58 0, 58 0 

All 

I 8 

2 

60 0, 51 3, 73 5, 49 6, 74 7 

61 8 

09 

1 

75 5, 105, 93 3, 65 8, 56 0 

791 

1 

Ouabam alone 

II4, 77 7, 81 0, 117, 88 0 

95 5 

Ouabain and KO 



Amount of KQ 



Molanty x 10 ‘ 

Per cent 



0 67 


148, 105, 114,123 

123 

13 1 

1 

121, 145, 132, 166, 141 

141 

27 

2 

171, 151, 156, 130 1 

152 


in slope of the curves relatmg mean LD ouabam (ordinates) to concentration 
of CaCla or of KCl (abscissae) in the infusion ' Clearly there is a qualitative 
difference in effect, mcreased CaClj causmg a Imear decrease m LD ouabam, 
while mcrease of KCl causes an increase m LD ouabam , there also appears to 
be a quantitative difference, because the curve for KCl is the steeper With the 
two lowest concentrations of potassium used, unit change of concentration had 
a greater effect on the LD of ouabam than had umt change in concentration of 
CaCl. , thus, 1, 2, and 3 per cent CaQ; decreased the LD ouabam by 17, 36, 
and 54 per cent respectively, whereas 0 5, 1, and 2 per cent KCl mcreased 
It by 29 47, and 59 per cent This suggests that the action of ouabam is 
influenced more by the absolute concentration of potassium m a perfusion fluid 
than by the potassium /calcium ratio, at least over a certain range In order to 
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Fig 1 — Rabbits Femoral vein infusion of ouabam 
(20 /ig /ml ) at a rate of 0 15 ml /kg /min The 
relation between the LD ouabain and the Ca or 
K content of the mfusion 

test this point it was necessary to perform experiments m which potassium or 
calcium concentrations could be lowered as well as raised, and accordmgly the 
isolated perfused rabbit heart was used 

{b) Perfused rabbit hearts 

Method — Thirty-six animals were used Animals were killed by a blow on the head 
and bled out by cuttmg the throat The heart was rapidly cut out, dissected clean and 
perfused with oxygenated Locke’s solution (percentage composition (w/v) as follows 
0 9 NaCl, 0 042 KCl, 0 024 CaCL, 0 1 dextrose, 0 05 NaHCO,) at 36° by the Martin- 
Langendorff method A hook was passed through the apex of the ventncles and the 
amplitude of beat recorded on a smoked drum by a lever and wntmg point Rate and 
amplitude of beat and coronary flow were allowed to become steady, and from 30-45 min 
after settmg up the preparation perfusion was commenced with ouabain (0 4 /ml ) in 
the Locke’s solution The measure of toxicity of the ouabain was taken as the time it took 
to reduce the amplitude of beat to 50 per cent of its original value This time is referred 
to as the “ survival time ” Thus anything which increased the toxicity of the ouabain 
shortened the survival time, and anything which decreased ,the toxicity lengthened the 
survival time All hearts except the controls received 0 4 jug ouabain /ml , and were divided 
into the followmg groups 

(i) Receiving ouabain in normal Locke’s solution 

(u) Receiving ouabain m Locke with half or twice the normal CaCL 

(ill) Receiving ouabam in Locke with 0 5, 1 25, and 1 5 times the normal KCl 

(iv) Control hearts receiving no ouabain With the highest and lowest concentrations of 
CaCl. or KCl used all hearts survived for long penods 

(v) Hearts, in normal Locke containing 0 4 ouabain/ml, m which toxic effects 
were caused to disappear by changing to perfusion fluid containing excess KCl 
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Results — For the reasons already given, the concentrations of CaCl, and 
KCl were expressed m molanties These results (Table 11) are plotted graphically 
(Fig 2) as mean survival tunes agamst molar concentrations of CaCl, or KCl, 
and, as for the anaesthetized rabbits, it will be seen that when potassium is 
increased above normal, umt change in concentration of potassium produces a 
bigger effect on survival tune than umt change m calcium concentration when 
calcium IS decreased This is expressed more clearly (Fig 3), when the same 


TABLE n 

RABBIT HEARTS perfused by Langendorff’s method with 0 4 /ig ouabam/ml 


Concentratio] 
CaClj j 

a m Locke 

KCl j 

Ratio 

Individual 
survival tunes 

ID minutes 

Mean 
survival 
tunes in 
minutes 

Molanty 
'■ ICF 

mg per 
100 cc 

Molanty 
> 10’ 

mg per 
100 c c 

K/Ca 

2 16 

24 

5 63 

42 

2 61 

32, 39, 49, 50, 51, 34 

38 

4 32 

48 



1 30 

23, 28, 14, 40, 13 

24 

1 08 

12 

11 1 

1 

522 

60, 39, 45, 28, 49 

44 

2 16 


2 81 

21 

1 30 

20, 13, 14, 16 

16 

„ 1 


7 03 

5Z5 

3 26 1 

92, 110, 45, 48, 66 

72 

tl 

1 


844 

63 

3 91 

87, 114, 195, 207, 254 

171 



Fig 2 — Langendorff rabbit hearts, 0 4 /'g ouabain/ 
ml Locke s solution at 36° C The relation 
between the tune required to reduce the amph- 
tude of the beat to 50 per cent of its- onginal 
\aluc C survnal time ”) and the Ca or K content 


Fig 3 — Same as Fig 2 
The relation between 
survival time ” and 
the K/Ca ratio 
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survival tunes are plotted against the K/Ca ratio m the perfusion fluid If 
the alteration in the ouabain effect had been solely a function of the K/Ca ratio, 
the same effect would have been obtamed at a given K/Ca ratio whether it was 
attained by increasmg K, or by decreasuig Ca, but as Fig 3 shows the absolute 
concentration of K had a relatively greater importance 

In addition to the quantitative results with potassium, three hearts were 
perfused with 0 4 /xg ouabain /ml in normal Locke until gross irregularities of 
beat occurred, usually within 25 mm , potassium was then added to the per- 
fusion fluid to increase its KCl content by 50 per cent This abolished the 
irregular rhythms, caused systole to lessen, and prolonged the survival tune, 
which would have been an hour at most, to several hours A record of one of 
these hearts is shown in Fig 4, and is m agreement with the results of Sampson 
et al (1943) on the human being 



Fig 4 — Langendorff rabbit 
heart KCl abolition 
of irregular rhythm due 
to 0 4 ftg ouabain /ml 
Traang reads from left 
to right Time marker 
m mmutes Between 
(i) and (ii) ouabain 
added to the Locke 
to contain 0 4 /ig /ml 
Between (ii) and (iii) 
KCl concentration 
raised by 50 per cent, 
with abolition of irreg- 
ular beats (iv) and (v) 


(c) Pigeon emesis ^ 

Apparently the effect of K on the vomitmg produced by digitalis bodies has 
never been investigated, except for the observation of Sampson et al (1943) that 
the nausea and vomitmg of their patients who received an overdose of digitalis 
was not affected by potassium acetate admmistered orally The pigeon-emesis 
method of digitalis assay introduced by Hanzlik and Schoemacher (1926), when 
modified as Bum (1930) suggested, affords a convenient method of testmg this 
action of K against digitalis , if K were to lessen digitalis vomitmg, this clearly 
would indicate antagomsm of an extra-cardiac effect of digitalis, since digitalis 
vomitmg has been shown to be independent of cardiac connections with the C N S 
(Hanzlik and Wood, 1929 , Haney and Lmdgren, 1942) 

Methods — ^Twenty pigeons were injected with 15 ouabain/ 300 g pigeon into the 
wing vein on two separate occasions The same pigeons were injected on two other occa- 
sions (interpolated between these two) with 15 /xg ouabain and 6 mg KCl per 300 g pigeon 
This amount of KCl was found to be about the maximum which pigeons would tolerate, 
for in a tnal with KCl alqne it killed one bird m a group of 20 The number vomiting is 
recorded in Table III When the pigeons were injected with ouabam alone 22 out of 40 
injections caused vomiting , with ouabain and KCl, 19 out of 40 injections caused vomiting 
Clearly potassium did not protect pigeons against the vomiting induced by the ouabain 
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(TABLE ni 

PIGEON EMESIS RECORD 


Pigeon 

number 

Ouabain 15 ng /300 g 

Ouabain 15 ug and 

KCl 6 mg 1300 g 

24 3 47 1 

1 

2 4 47 

27 3 47 

31 3 47 

1 

+ 

+ 

+ 

+ 

2 

+ 

+ 

+ 

+ 

3 

0 

+ 

0 

0 

4 ’ 

0 


+ 

+ 

5 

+ 

+ 

+ 

+ 

6 

+ 

*4* ♦ 

4“ 

+ 

7 

+ 

0 

0 

“h 

8 

+ 

+ 

0 

+ 

9 

0 

0 

0 

0 

10 

+ 

+ 

0 

+ 

11 

+ 

+ ‘ 

0 

+ 

12 

0 

0 

+ 

0 

13 

0 

0 

0 

0 

14 

0 

0 

0 

+ 

15 

0 

0 

0 

0 

16 

+ 

+ 

+ 1 

0 

17 

0 

0 

0 

+ 

18 

0 

+ 

0 

"h 

19 

+ 

0 

0 

0 

20 

0 


0 

0 

Total vomiUng 

10 

12 

7 

12 


Discussion 

Although there was reliable information concerning the effects of cardiac 
glycosides on frog hearts by the middle of the nmeteenth century (Vulpian, 
1855), It was not until after Rmger’s proof of the importance of certam ions in 
the perfusion fluid (Ringer, 1883) that calcium and potassium became suspected 
of playing a part m the action of these glycosides In frog hearts either Ca 
excess or K deficiency mcreased the action of digitalis, while Ca deficiency or 
K excess lessened its effect (Werschimn, 1910, Clark, 1912 , Konschegg, 1913) 
From these results it was concluded that digitahs antagonized K ]ust as Ca did 
Some extreme views emerged , while Bumdge (1915-16) postulated that the 
cardiac glycosides act by sensitizmg the heart to calcium, Weizsacker (1917) 
drew a similar conclusion that digitalis improves the force of the heart only 
when there is a lack of calcium Loewi (1918) reiterated Burndge’s contention, 
and others wrote in support (Geiger and Jarisch, 1 922 , Grumach , Grunwald , 
Handovsky , Hoffmann , Schoen , 1923) Pietrkowski (1918), however, mamtained 
that the effects of low Ca on the action of digitahs could be countered by 
increasing the sugar of the perfusion fluid, and concluded that digitalis has a 
direct action on the heart All these observers were concerned with the systohc 
action of digitalis, and with the systolic effect of calcium, whereas it has been 
shown (Werschinm, 1910 , Cushny, 1925) that small doses of digitalis result in 
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diastolic arrest Recently this observation has also been brought into line with 
the theory that digitalis sensitizes the heart to calcium (Blumenfeld and Loewi, 
1945) 

In mammals the occurrence of caleium and digitalis synergism has been 
well established both in animal experiments (Lieberman, 1932 , Schunterman, 

1935 , Gold and Kwit, 1937 , Gold and Edwards, 1927 , Bower and Mengle, 

1936 , Golden and Brams, 1938), and in the human bemg, Edens and Huber 
(1916) findrng that patients prone to digitalis pulse bigeminy have a high blood 
caleium, while Bower and Mengle (1936) record two cases of sudden death after 
intravenous caleium salts following digitalis 

In contrast to the foregomg results are those of Fischer (1928) who found 
that digitalis sensitizes the heart to all stimuli, e g , Ca, ethyl aleohol, or K, and 
of Camp (1939) who also found the heart after treatment with digitalis to be 
sensitized to K Nahum and Hoff (1937), however, and Smith, Winkler, and Hoff 
(1939) failed to obtam Ca and digitalis synergism Nym and DuBois (1930) 
disagree with the extreme view of Loewi, mamtaming that digitalis can exert its 
full effeet m the complete absence of ealeium m the fluid perfusing a frog’s heart, 
though they agree that excess of caleium enhanees its aetion 

A new hne of evidence that K is involved m digitalis action arises flrst from 
the work of Calhoun and Harrison (1931) They showed that toxic doses of 
digitahs lower the level of cardiac K , the effect of therapeutic doses was doubtful 
Any theory based on these results which suggests that digitahs acts by lowenng 
the K/Ca ratio appears to be untenable, since Calhoun and Hamson also found, 
m fatal human cases with cardiac failure, that the myocardium of the dilated 
chambers was low in K Confirmation of this effect of toxic doses has been 
obtained (Wood and Moe, 1938 , Hagen, 1939 , Wedd, 1939 , Boyer and Poin- 
dexter, 1940) though these authors find the effect of therapeutic doses on K 
content is either negligible or else is to mcrease it K loss by digitalis action is 
also recorded from frog skeletal muscle (Cattell and Goodell, 1937), while further 
evidence of an effect of digitalis on K metabolism m general is given by Zwemer 
and Lowenstem (1940), who found that digitalis lowers the plasma K and pro- 
longs life m adrenalectomized animals, thus calhng attention to the chemical 
similarity between the digitalis bodies, especially digitoxigemn, and cortm 
Dorfman (1940), however, using adrenalectomized mice, was unable to demon- 
strate any cortin-like activity of strophanthm 

Therapeutic advantage has been taken of the antagonism between potassium 
and digitalis (Sampson, Albertson and Kondo, 1943) m order to alleviate the 
cardiac effects of overdosage of digitahs by giving oral doses of potassium 
acetate No relief of nausea and vomitmg was obtained but visual disturbances 
disappeared 

The most recent publications concemmg digitalis and heart biochemistry 
(Chen and Geihng, 1947) show that toxic doses of digitalis diminish cardiac 

AA 



266 


J B E BAKER 


adenosine triphosphate (ATP), phosphocreatme and adenybc acid, while thera- 
peutic doses have no such effect, and m decompensated hearts the re-synthesis of 
these three substances was hastened by digitalis admmistration (Weicker, 1935) 
These facts, together with the observation that the isolated perfused rabbit heart 
in systolic contracture from digitalis can be temporarily restored by ATP (Qien 
and Ceding, 1946), tempt speculation that the K/Ca' effeets of the eardiac glyco- 
sides may exert an influence on the mtncaeies of the higher energy-liberating 
phases of the ehemical reactions concerned with musele contraetion 

The experiments now described give results whieh agree with those of the 
majority , mereased calcium potentiates, and mereased potassium antagonizes 
digitahs glycosides The quantitative aspeet takes the matter further, demon- 
strating the relative importance of the absolute eoncentration of potassium m 
the cardiac action of the glycosides, whde the failure to protect pigeons agamst 
then: emetic effect suggests that different biochemical mechanisms are concerned 
in the cardiac and emetic actions at least 

The abihty of potassium salts not only to delay the toxic action of digitahs, 
but also to remove toxic effects when already developed is not generally known 
Sampson and his colleagues (1943) gave 5-10 g potassium acetate by mouth as 
a 25 per cent solution to a series of 14 patients in whom digitalis had produced 
ectopic beats which were recorded by the electrocardiograph Only one dose 
was given on any one day The authors followed the rise m serum potassium 
and observed the disappearance of the ectopic beats This occurred m every 
patient and outlasted the change m serum potassium The observations descnbed 
in this paper add support to these findings and suggest that they are due to the 
interplay of potassium and digitalis m the heart muscle itself 

Summary 

1 The LD of ouabam by intravenous infusion in physiological saline was 
determmed on 34 rabbits under urethane 

2 The effect of CaCU and of KCl on the LD of ouabam was observed by 
adding them to the perfusion fluid 1, 2, and 3 per cent solutions of CaCl; 
decreased the LD of ouabain by 17, 36, and 54 per cent respectively , 0 5, 1, and 
2 per cent solutions of KCl increased the LD by 29, 47, and 59 per cent respec- 
tively 

3 Survival tunes were observed of 36 Langendorff rabbit hearts perfused at 
36° C with Locke’s solution containmg 0 4 /^g ouabain /ml The calcium or 
potassium concentration was varied m different experunents 

4 Increased calcium or decreased potassium shortened survival time, while 
decreased calcium or mereased K lengthened it 

5 The effects of altering the potassium were greater than those of corre- 
sponding changes in calcium Halving the CaClo prolonged mean survival time 
bv 6 mm increasing the KCl by 50 per cent prolonged it by 133 mm 
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6 In a group of 20 pigeons injected via the wing vein with ouabain 
(15 ftg /300 g pigeon) on two occasions, 22 out of 40 injections caused vomitmg 
On two other occasions with the same dose of ouabain plus KCl (6 mg /300 g 
pigeon), 19 out of 40 injections caused vomiting The difference is not 
significant 

I wish to thank Prof Bum for the guidance and advice he has given throughout 
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THE BLOCKING EFFECT OF BIS-TRIETHYL- 
AMMONIUM SALTS ON TRANSMISSION IN , 
THE PERFUSED SUPERIOR CERVICAL 
GANGLION OF THE CAT 

BV 

T C CHOU AND F I DE EUO» 

From the Department of Pharmacology, Oxford 

(Received June 9 1947) 

The action of the tetra-ethylammoiuum lon on the circulatory system was 
described by Bum and Dale (1914) as a paralysing action on sympathetic ganglia 
resemblmg that of mcotme , the same type of action was observed in a senes 
of tnethylalkylammomum salts by Hunt (1925-6) The action of tetra-ethyl 
ammonium bromide on the circulatory system as well as on the sympathetic 
ganglion has recently been analysed by Acheson et al (1946) They concluded 
that the predominant effect of the tetra-ethylammomum ion was a block of 
transmission across autonomic ganglia and that this was sufficient to explaui 
the vaso-depressor effect Dr H R Ing suggested to us that it might be worth 
investigating the effect on ganglionic transmission of bis-tnethylammonium salts 
of the general formula [Et5N(CH2)„NEt33X3, where X is the amon , sucb salts 
might be expected to have a blocking action on transmission in virtue of the 
tnethylammomum groups and their potency might be expected to vary with the 
length of the polymethylene cham Four bis-tnethylammonium salts have been 
examined ethylene bis-tnethylammonium bromide (BTE2), prepared by 
Dr H R Ing , and the trimethylene- pentamethylene-, and decamethylene-bis 
tnethylammomum bromides, denoted by BTE3, BTE5, and BTEIO respectively, 
which were prepared by Mr R B Barlow 

Method 

Cats were anaesthetized with pentobarbitone and the supenor cervical ganglion was 
prepared by Kibjakows method (1933) modified by Feldberg and Gaddum (1934) Warm 
oxygenated Locke s solution was perfused through a cannula in the carotid artery at a 
pressure of about 120 mm of mercury and the venous outflow from the ganglion was 
collected The pre-ganghonic fibres to the superior cervical ganglion were stimulated 
maximally at a rate of 8 stimuli per second, for a penod of 15 sec An interval of 3 mm 
was allowed between each stimulation The contraction of the mctitatmg membrane was 
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recorded on a smoked drum by an isotomc lever The activity of the four bis-tnethyl- 
ammonium compounds was compared with that of tetra-ethylammonium bromide (TE) 
Each drug was given m 0 1-0 2 ml Locke’s solution and was mjected mto the artenal 
cannula 1 min before the stimulation A cumulative effect by the drug is very liable to 
occur when the perfusion rate becomes slow , it was therefore decided to test the drugs in 
one order and then m the reverse order 


31 30 M IS tZ tt 21 2Z IS 



Fig 1 —Comparison of blockmg effect of tetra-ethylammofaium bromide (TE) and of two 
bis-tnethylammonium bromides (BTE2 and BTE3) oU transmission m sympathetic 
ganglia Perfused supenor cervical ganghon of the cat Record of the contractions 
of the mctitatmg membrane to maximal pregangliomc stimulation Rate of stimula- 
tion 8 per sec for 15 sec every mmute Figures above each contraction = outflow m 
drops per mmute 


Results 

, Fig 1 shows the effect of BTE2 and BTE3 in companson with that of TE 
on the response to preganglionic stimulation m the same preparation The figures 
above each contraction of the mctitatmg membrane represent the venous outflow 
m drops per mmute 

It was found that the blockmg effect of the five compounds exammed was m 
the order 

BTEIO > TE > BTE2> BTE5 > BTE3 
(200) (100) (33) (5) (4) 

The relative potency of these five compounds (accordmg to their weight) has been 
determined on seven preparations, and, giving TE a value of 100, the mean 



Fig 2 — ^The relaUonslup between the 
activity of tetra-ethylammonium bro- 
mide (TE), given a value of 100, and 
of bis-tnethylammonmm bromides 
(BTE2, BTE3, BTE5, and BTEIO) 
m the perfused sympathetic ganghon 
of the cat Ordmate percentage 
potency Abscissae Number of 
carbon atoms m the polymethylene 
cham of the molecule 
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figures are expressed m brackets No excitatory action on the ganghon was 
observed with TE, nor with the four bis-triethylammonium compounds 

Fig 2 shows the relationship between the activity of these compounds and 
the number of carbon atoms in the polymethylene cham of the molecule 

Discussion 

In their two successive papers, Acheson et al (1946) concluded that the tetra- 
ethylammonium ion exerts a purely blocking effect on ganglionic transmission 
Unlike tubocurarine, the tetra-ethylammonium ion on injection never causes a 
contraction of the nictitatmg membrane, nor does it mcrease the response to 
electrical stimulation, as intocostnn was shown by Acheson et al to do It has 
only a “ nicotme-like paralysmg ” action on the autonomy ganglion The bis- 
triethylammonium compounds also showed no excitatoiy action No experi- 
ments have been made m order to discover whether they have any muscarine 
actions In general, the action of these compounds is very similar to that of 
tetra-ethylammonium salts As shown in Fig 2, lengthening of the carbon chain 
between the two onium ions leads to a decrease m activity until the three carbon 
chain compound (BTE3) is reached , with a further lengthenmg of the carbon 
chain there occurs an increase of the blockmg effect, and the 10 carbon chain 
compound (BTEIO) is twice as strong as TE 

Summary 

Four bis-triethylammonium compounds have been tested on the perfused 
supenor cervical ganghon of the cat They have no stimulating action, but 
they paralyse ganglionic transmission There is a relationship between the 
relative activity of these compounds and the number of carbon atoms in the 
polymethylene chain of their molecules The decamethylene-bis-tnethyl- 
ammonium bromide (BTEIO) was found to be the most potent compound 

We wish to thank Prof J H Bum and Dr Edith Bulbring for their guidance and 
encouragement in this work 
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f 

An account has already been given of the properties of sulphadunethoxy- 
pyrimidme (I), which displays marked persistence m the blood stream after oral 
or parenteral administration (Gage et al , 1 947) 


OCH, 


H,N<3>SO.NH<j;|3 




OCH, 


The availability of some of its homologues (Rose and Tuey, 1946) prompted 
a comparative exammation of their persistence , further compounds were 
specially prepared by Drs F L Rose, E H Hoggarth, and E H P Young 
Twenty compounds in all were examined m mice for absorption and persistence 
The majonty were also tested as antibacterial agents , an account of then: 
tuberculostatic activity in vitro and in vivo will be published separately 
(Hoggarth, Young, and Martin, 1948) No compound appeared likely to have 
marked therapeutic value Three (III, VII, and XVI), as well as sulpha- 
dimethoxypyrunidme itself, had previously been examined by van Dyke et al 
(1945) , their findings in general parallel those desenbed here 


Experimental Section 

The standard techniques used have been desenbe^ m previous publications (Rose and 
Spinks, 1946, 1947 , Gage et al , 1947) Each compound was administered orally to a group 
of three mice as a 1 per cent (w/v) solution of the sodium salt, or as a 1 per cent (w/v) 
dispersion, in doses of 250 mg /kg It was then estimated m pooled tail blood, at standard 
intervals after dosing, by the micro-method of Rose and Bevan (1944) At least six groups 
of three mice %vere used for each compound (except XXI) No statistical companson was 
attempted, because many compounds were so highly persistent that the maximum concen- 
tration was difficult to determine accurately in individual expenments Values of maximum 
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concentration (Max), the time after posing at which this was attained (t max), and the 
persistence m the blood (expressed as the time (C7) taken for the concentration at 7 hours 
to fall to two-thirds of that value), “were read from the mean blood concentration-time 
curves 


TABLE 

COMPARISON OF ANALOGUES OF SULPHADIMETHOXYPYRIMIDINE 


Group 

Compound 

No 

Max blood concentration 

C7 

(hours) 

Number 
of mice 

mg /lOO ml 

Time (mm ) 


I 

14 4 

210 

"■165 

66 


n 

13.8 

100 

15 3 

18 

A 

ni 

11 8 

90 

13 0 

18 


IV 

58 

540 (7) 

>17 0 

24 


V 

22 

180 

78 

21 

B 

VI 

57 

180, 

10 4 

21 


vn 

2 1 

210 

17 0 

18 


vra 

46 

150 


39 

C 

IX 

23 

210 


18 


X 

57 

270 

■■1 

30 

D 

XI 

I26 

90 

47 

18 


XII 

24 7 

-90 

77 

30 

E 

xm 

57 

120 

86 J 

27 


xrv 

59 

40 

60 

18 



13 8 

60 

75 


F 


18 6 

65 

55 



hMI 

13 7 

45 

76 



xvm 

70 i 

40 

71 

18 

G 

XIX 

35 

40 

* 

18 


XX 

09 

40 

* 

21 


XXI 

5 1 

150 

t 

' 6 


* Disappears very rapidly from the blood t Disappears rapidly from the blood 


Results and Discussion 

Compounds have been classified on the basis of their chemical structure mto 
seven groups, each of which is considered separately , the charactenstic values 
obtamed from the mean concentration-time curves are given m the Table 


Group A 2-SidphamIamido-4 6-di-n-alkoxy pyrimidines 

^OR, 

^ORi 

Compound No I n in IV V 

Ri CH, CH, C,Ht n-QH, n-C^H, 

R. CH 3 C.H. QH, n-QH, n-QH, 
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The mean concentrations of these compounds (except II) found m the blood 
of mice at mtervals after the oral admmistration of 250 mg /kg , are recorded 
m Fig 1 , the charactenstic values obtamed from- the mean curves are com- 
pared m the Table Compounds I-IV are highly persistent , the di-n-butoxy 
homologue (V) is fau-ly persistent The other main difference between the five 
compounds is m maximum blood concentration, which falls with mcreasmg 
molecular weight , this effect can probably be ascribed mainly to reduced solu- 



Fig 1 — Blood concentrations in mice of sulphadimethoxypynmidine (I), sulphadiethoxypynmi' 
dine (ni), sulphadi-n-propoxypynmidme (TV) and sulphadi-w-butoxypynmidme (V) 


bdity of the higher homologues, which would result m a decreased concentration 
gradient between lumen and blood stream, and therefore m decreased speed and 
extent of absorption The solubility data reported by van Dyke et al (1945) 
for I and m, and an extensive senes of related compounds, support this view 
The practical importance of the effect is pomted out by Hoggarth et al (1948), 
who show that m vitro tuberculostatic activity mcreases with increasing molecular 
weight It IS probably the accompanymg decrease m blood concentration which 
prevents the higher homologues from showmg marked therapeutic action in vn o 
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Group B 2-Sulphamlamido-5-aIkyl-4 6-dimetlioxypyi imidines 

^OCHa 

H,N / )>SO,NH<(^ ^ -R ^ 

^OCHj 

Compound No VI VII 
R CHa Q.H, 

These two compounds are both highly persistent (see Table), but attain lower 
maximum blood concentrations than the parent compound The reduction in 
maximum concentration is greater than when the additional carbon atoms are 
substituted m the alkoxy group — i e , VI and Vn give lower concentrations than 
their isomers U and in This was unexpected, since m other groups of com- 
pounds It has been found that the distnbution of a given number of methylene 
groups between three, mstead of two, normal alkyl radicals leads to mcreased 
blood concentrations The effect may be due to the exceptionally low solubihty 
of this type (van Dyke et al , 1945 , Rose and Tuey, 1946) 

Group C Branched chain sidphadialkoxy derivatives 

^OR 

h.n<(3so,nh<^3 

\ 

OR 

Compound No VIII IX X 

R wo-CjH, ;50 -CjHo iec-CjH, 

The characteristic values of the three compounds are summarized m the Table 
They are all highly persistent, the butoxy compounds somewhat less so than 
the iropropoxy compound (cf Group A) Vin and IX resemble their normal 
isomers (IV and V) m maximum blood concentration . X gives a much higher 
maximum concentration than its isomers V and IX In some other homologous 
senes, eg, of sulphones, it has been observed that compounds containmg 
branched alkyl chains give much higher blood concentrations than their isomers 
contammg straight chams It is hoped to descnbe examples m future publications 

Group D 2-SulphanilamidoA 6-diethoxyethoxypynmidine 

^OQH.OCjHs 

The ethoxyethoxy compound (see Table) has lost much of the persistence 
charactenstic of the other dialkoxypyrmiidmes, and gives much higher blood 
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concentrations It should, of course, be compared with its closest analogue the 
di-/i-butoxy derivative (V) The methoxyethoxy homologue was exammed by 
van Dyke et al They found that it was well absorbed, but of low per- 
sistence Its solubihty (4 mM /I at pH 6 5 and 37° C) was five tunes that 
of the dimethoxy compound (0 8 mM /I ), and about thirty times that of the 
diethoxy compound (0 12 mM /I ) It may be assumed that the facile absorption 
of these alkoxyalkoxy compounds is related to then* relatively high solubility, 
but a different effect must cause the low persistence The relatively low persis- 
tence of the di-/z-butoxy compound (Group A) suggests that this effect might be 
connected with stenc hmdrance , possibly, the bulky alkoxy groups of these 
compounds hmder their access to some other molecule with which they must be 
associated to exhibit marked persistence 

Group E 2-Metanilamido-A 6-dtalkoxy pyrimidines 


OR 



Compound No XU XUI XIV 

R CHj /1-C3H7 w-QHj 

The metamlamides are compared m the Table Reference should also be made 
to the properties of the corresponding para isomers Each metanilamide differs 
from Its para isomer m givmg higher maximum blood concentrations, and m 
disappearing more rapidly from the blood stream Nevertheless, aU three com- 
pounds are fairly persistent, approximately of the same order as sulphamerazme 
(Rose and Spinks, 1946) 

Group F 2-SulphaniIamido-A-alkoxy pyrimidines 




HjN/ ^S02NH< 

/N- 
\n — 

y 

Compound No 

XV 

XVI 

\ 

OR, 

xvn 

Ri 

CH, 

CH, 

jjo-CsHj 

Ri 

H 

CH3 

CH, 


The results with these three compounds are given in the Table They are aU 
fairly persistent, approximately of the same order as the metanilanudes (Group E) 
and sulphamerazme, but less so than the dialkoxy denvatives The mean curve 
for XVn IS given m Fig 2 
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Group G Miscellaneous compounds 


SCHj 


OCHj 


H.N<^ 

>conh<^3> 

\cH, 


^OCHj 

XVIII 


XIX 

OH 


OCH, 

N / 


/ 

>so,nh/ \ 

H.N<^ 

^SO,NH<^ ^ 

^ 

OH 

- 

^CH,- 

XX 


XXI 



sulphadihydroxypynmidine (XX), and 3 5-dinjethoxy-l-sulphamlamIide (XXI) 

These compounds show striking differences from those previously descnbed 
(Fig 2 , Table) The dimethylmercapto analogue of sulphadimethoxypymnidine 
IS less persistent than the latter, and gives a much lower maximum concentration 
The other three compounds disappear very rapidly from the blood stream The 
low concentrations they attam may be associated with this rapid disappearance 
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from the blood rather than with poor absorption They clearly show no resem- 
blance whatsoever to sulphadunethoxypyrimidine, although each retams certam 
structural features of the latter 

Considermg the results as a whole, it is clear that marked persistence m the 
blood stream is conferred by the presence m the sulphapyrimidme molecule of 
two alkoxy groups m positions 4 and 6 of the pynmidme rmg All modifica- 
tions of this structure result m reduction of persistence, mcludmg removal of one 
alkoxy group, transfer of the para ammo group to the meta position, substitu- 
tion of a benzene rmg for the pynmidme rmg, or substitution of a carboxamide 
group for the sulphonamide group The persistence of the dialkoxy compounds 
appears to fall with mcreasmg molecular weight, although one compound (IV) 
IS a marked exception to this rule 

Although the precise nature of the ph>sical and physiological factors which 
confer persistence on a compound is at present unknown it seems probable that 
they mclude a high degree of bmdmg to the plasma protems and a high degree 
of tubular reabsorption (Fisher et al , 1943 , Beyer et al , 1944 , Earle, 1944 , 
van Dyke et al , 1945) The strength of the bond umtmg drug to protem may 
also be of importance (Gregerson and Rawson, 1943 , Rawson, 1943) Sulpha- 
dimethoxypynmidme and some related compounds have been shown to be exten- 
sively bound to plasma protems (van Dyke et al , 1945 , Gage et al , Ji947), but 
no information is available on the other important factors A high degree of 
protem bmdmg alone would not necessanly result m high persistence, absorp- 
tion by the tubules being of equal or greater unportance (Fisher et al , 1 943 , 
Lundqmst, 1945) Besides these factors, which influence the rate of excretion 
of a compound by the kidney, and others, less adequately mvestigated, which 
influence the rate of excretion into the mtestme {cf Sdber and Qark, 1946), 
diazotizable ammes are also removed from the blood stream by conversion to 
non-diazotizable or rapidly excreted metabolites, such as acetyl denvatives, 
sulphates or glucuronides It is unprobable that the persistence, even of closely 
related compounds, is uniformly affected by such metabolic processes 

The complexity of all these mechanisms, which influence persistence, is such 
that speculation on the nature of the correlation between structure and persistence 
IS hardly justifiable However, it is clear that the correlation is a very delicate 
one It had been hoped that 4 6-dimethoxypyrunidme, or even m-dunethoxy- 
benzene, might behave as a “ conductophonc ” group, and confer persistence 
on any molecule contammg it, m the same manner as the dialkylamino-aflcylammo 
chain of mepacrme, pamaqum, and 3349 (Magidson et al , 1934, 1936 , Spmks 
and Tottey, 1946), or the biguanide chain of paludrme and related drugs (Spmks, 
1946, 1947), has been presumed to confer favourable pharmacological properties 
on the antimalanal contammg it The reduced persistence of compounds XII, 
Xni, XTV, XTX, and XXI strongly suggests that the mtroducdon of 1 3- 

dimethoxy groups into a nucleus other than pyrimidine, or the combmation of 
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4 6-dimethoxypynmidine as a “ conductopbonc ” group with a “ toxicophoric ” 
group other than sulphandamide would be unlikely to confer high persistence on 
the resulting molecule 

Summary 

The absorption and persistence in mice" of twenty compounds related to 
sulphadimethoxypyrimidine have been described High persistence is a pro- 
perty of 2-sulphanilamidopyrimidraes carrymg dialkoxy groups in positions 4 
and 6 Removal of one alkoxy group, transfer of the p-ammo group to the meta 
position, substitution of a benzene ring for the pyrimidine ring, or substitution 
of a carboxamide group for the sulphonamide group, results m reduced persis- 
tence In each homologous series exammed, maximum blood concentration fell 
with increasing molecular weight 

The author wishes to thank Miss E France for technical assistance 
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THE GLUCOSE METABOLISM OF PLASMODIUM 
G ALLIN ACEUM, AND THE ACTION OF 
ANTIMALARIAU AGENTS 

BY 

P B MARSHALL 

From the Wellcome Laboratories of Tropical Medicine, 183, Euston Road, London, NWl 

(Received May 1 1947) 


Studies on the metabolism of the erythrocytic 
forms of plasmodia were initiated by Christophers 
and Fulton (1938), who showed that monkey red 
cells infected with P knowlesi consumed oxygen 
mdependently of glucose, though added glucose 
was utilized , the oxygen uptake of the parasitized 
cells was completely inhibited by cyanide Maier 
and CoggeshaU (1941) showed that parasitized red 
cells were dependent to some extent on glucose, 
and that mannose, fructose, and glycerol would 
replace glucose as a metabohte During the W'ar 
years, a lot of research on the metabohsm'of the 
malaria parasite has been done by various groups 
of workers m America This work has been 
comprehensively reviewed in Federation Proceed- 
ings (vol 5, No 3) It was reported that, under 
aerobic conditions, red cells infected with malaria 
parasites could metabolize lactate, pyruvate, suc- 
cinate, fumarate, and ammo-acids, besides glucose, 
and that glucose ,was converted to lactic acid by 
phosphorylation, as m muscle (Evans, Ceithaml, 
Speck, and Moulder, 1945 , Bovarnick, Lmdsay, 
and Hellerman, 1946a, b , McKee, Ormsbee, 
Aufinsen, Geiman, and Ball, 1946) Speck and 
Evans (1945a) showed that cell-free extracts of 
plasmodia would phosphorylate glucose similarly 
to yeast extracts 

Regardmg the action of antimalarials, Silverman, 
Ceithaml, Taliaferro, and Evans (1944) reported 
that quinine and mepacrine (atebrm) inhibited the 
respiration of p'asmodia, though the inhibition 
was delayed until the third or fourth hour of 
incubation with the drug Speck and Evans 
(1945b) reported that quinine and mepaerme m- 
hibited the phosphorylation of glucose by cell- 
free extracts of plasmodia and of normal red cells, 
and that the degree of inhibition corresponded to 
the amount of hexokinase activity present. Inves- 
tigating isolated enzyme systems, these workers 


showed that qumme and mepaenne inhibited yeast 
hexokinase, but not 3-phosphoglyceraldehyde 
dehydrogenase Lactic dehydrogenase from plas- 
modium extracts and from ox-heart was inhibited 
more by mepaerme than by qumme More recent 
work by 'Bovarnick, Lindsay, and Hellerman 
(1946b) showed that separated plasmodia, 
thoroughly exhausted of substrates by washmg 
and preliminary mcubation, were more sensitive 
to antimalanal drugs The recovery of respiration 
after addition of glucose to the exhausted parasites 
was strongly mhibited by mepaerme, but no in- 
hibition was observed with other substrates In- 
hibition of glycolysis by mepacrine was antagonized 
by adenyhc acid or adenosine triphosphate 
The present paper, reportmg prehminary work 
on the metabolism of plasmodia, confirms gener- 
ally the above reports on the glucose metabohsm 
of malana parasites, and presents fresh evidence of 
glycolysis by phosphorylation and on the mode of 
action of qumme and mepaenne 

Materials and Methods 
Blood from chicks 2-4 weeks old, heavily infected 
(70-95 per cent of cells parasitized) with P gallina- 
ceiim, was used as the source of parasite material 
Smee, in initial expenments, whole blood suspensions 
showed no response to added glucose, washed, para- 
sitized red cells were used in most of the expenments 
desenbed The chicks were killed by placing in an 
atmosphere of CO-, and blood draivn from the ex- 
posed heart was suspended in isotonic buffer (0 85 per 
cent NaCI, 100 mL , M/15 phosphate buffer, pH 7 3, 
30 ml ) containing a little atrate to prevent coagula- 
tion The suspension was centnfuged and the clear 
supernatant discarded , the red cell la\er was shaken 
with more isotonic buffer, re-centnfuged, and the red 
cells finally suspended m sufiicient isotonic buffer to 
produce the required volume of suspension This 
treatment remo\ed all but a trace of indigenous 
glucose from the red cells 
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Respiration experiments — Oxygen consumption was 
measured in conventional Warburg respirometers, 
using 15 ml flasks, mamtamcd at 38° C Determi- 
nations were earned out with a set of twelve respiro- 
-meters, m duplicate, tnpheate, or quadruplicate 
groups, according to the number of vanants required 
The amount of oxygen consumed was expressed m 
microhtres (/il) per 1,000 million red blood cells, the 
percentage of cells parasitized being 70-95 
Glucose was determined in the meubates from the 
rcspirometer flasks by the method of Folin and Wu 
(1920) Pyruvic acid was detemuned by the modified 
method of Lu (1939) described by Umbreit, Bums, 
and Stauffer (1945), and lactic acid by the method of 
Barker and Summerson (1941) 

Experiments on glucose phosphorylation — Aliquots 
of a suspension of washed, parasitized red cells were 
incubated at 41° C with a known amount of glucose, 
m contact with various inhibitors and antimalanal 
agents A control aliquot was deproteinized immedi- 
ately by adding an equal volume of ice-cold 12 per 
cent (w/v) trichloroacetic acid The test aliquots were 
incubated for 4-5 hours, dunng which they were oxy- 
genated either by continuous bubbling, or at frequent 
intervals At the end of the mcubation penod, the 
test aliquots were deprotemized, chilled in the cold- 



Fio 1 — Oxygen uptake of normal and parasitized chick 
blood (single expenment) A — ^Whole blood sus- 
pension (parasitized) B — Whole blood suspension 
(normaO C— Washed, parasitized red cells 
D — Washed, parasitized red cells -f glucose 
(0 5 mg./ml ) 


room, and the precipitated protem removed by cenln 
fugmg 

The clear supernatants were subjected to a com- 
plete analysis for glucose, phosphorylated mtermedi 
ates, and pyruvic and lactic acids Glucose was 
determined in dilutions of the supernatants by the 
method of Folm and Malmros (1929), and pyruvic 
and lactic aads by the methods already referred to 
The reraaimng supematant“was adjusted to pH 82 
and analysed for hexose phosphates, tnose phos 
phates, and phosphoglycenc acid, using the expen 
mental technique described by Umbreit, Bums, and 
Stauffer (1945) The amounts of the vanous inter 
mediates were expressed as gram-molecules 

^ Results 

Respiration experiments 
Though normal chick red cells showed a sub 
stantial oxygen uptake (compared with non 
nucleated mammalian red cells), the respiration 
rate of heavily parasitized (96 per cent) chick red 
cells was about 15 times as rapid (Fig 1) The 
respiratory rate of mfected red cells (whole blood 
suspensions) increased proportionately with the 
number of cells parasitized (Table I) The oxygen 

TABLE. I 

THE RELATION BETWEEN OXYOEN UPTAKE AND THE 

NUMBER OF RED CELLS PARASITIZED WITH P 
gallinacemn 

Whole blood suspensions, no added substrate 


% cells 
parasitized 

No Of 

respirometers 

0« uptake 
M/hr/1000 
million ted cells) 

normal 

ft 

ff 

ft 

»» 

IP 

f/ 

0 

6 

0 

5 

s 

» 1 

2 

es4 

48 4 

27 5 

36 2 ^ 

26 S 

19 6 

17 1 - 

Mean 34 S 

10 

5 

77 8 

30 

6 

89 0 

44 

3 

140 0 

80 

6 

260 0 

8S 

5 

296 0 

88 

2 

2J6 0 

90 

6 

314 0 


uptake of infected whole blood suspensions was 
not increased, but actually depressed by adding 
glucose If, however, the parasitized red cells were 
washed free from indigenous glucose, the oxygen 
uptake was reduced to 37 per cent (mean of 
determinations , range 27 8-50 8 per cent) of t ® 
of the whole blood suspension (Fig 1) Th® ^ 
piration of glucose-free infected cells was , 
lated by added glucose, the recovery bemg gna 
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TABLE n 


EFFECT OF GRADED CONCENTRATIONS OF GLUCOSE 
ON THE OXYGEN tlPTAKE OF WASHED, PARASITIZED 
RED CELLS 


Glucose 

% of 0, uptake 

% recovery of 

added 

of whole 

lost 

(mg /3inl ) 

blood suspension 

respiration 

0 06 

43 7 

62 

0 1 

38 0 

ml 

1 OS 

67 2 

28 7 

' 0 6 

66 6 

36 6 

06 

62 1 

26 3 



Mean 30 2 

1 0 

60 7 

42 0 

1 0 

66 4 

36 6 

1 0 

66 4 

42 4 

1 0 

66 3 

61 6 



Mean 43 1 

20 ‘ 

81 7 

71 8 

20 

73 0 

46 1 



Mean 68 6 

60 

84 0 

76 4 

10 0 

80 4 

70 0 


up to 5 mg / 3 ml , when a maximum recovery of 
75 per cent of the lost respiration rate was 
attamed (Table ID 

The quantity of oxygen consumed by plasmodia 
was not accounted for by the amount of glucose 
used , for example, when infected red cells were 
washed, the oxygen consumption was still about 
40 per cent of that of the whole blood suspension, 
though the amount of available glucose was veiy 

TABLE m 

QUANTITATIVE UTlLlZAl ION OF GLUCOSE BY PtASMODlA 

(a) Effect of graded concentrations on whole blood 
suspension 

(b) Effect of washing the mfected red cells 


Preparation 

Cone of 
glucose 
g /lOO ml 

Mols O, 
used per 
mol glucose 
consumed 

mols lactic 
acid formed 
per mol 
glucose 
consumed 

(a) 

Whole blood 

added 

nil* 

63 

40 

suspension 

001* 

3 1 

2 6 

0 05* 

2 1 

1 66 


0 10* i 

1 9 

1 95 


present 



MTiolc blood 



suspension 

0 002 

4 04 

— 

Washed c^ll 




suspension 

0 00005 

26 0 



* + 0 02 g /lOO ml indigenous glucose 


small Thus the oxygen consumption per molecule 
of glucose used was apparehtly increased (Table 
HD Agam, smce additional glucose did not in- 
crease the oxygen uptake of mfected whole blood 
suspensions, the oxygen consumption and the 
amount of lactic acid formed per molecule of glu- 
cose appeared to decrease with mcreasmg concen- 
tration of glucose (Table HD No pyruvic acid 


TABLE IV 

QUANirrATtVE UTILIZATION OF GLUCOSE BY WASHED, 
PARASITIZED RED CELLS 


Time after 
adding 

glucose (min ) 

^-mols 

glucose 

used 

fi mols 
extra 0, 
used 

Mols 0, 
used per 
j mol glucose 
consumed 

30 

1 16 

0 69 


60 

1 70 

1 32 


90 

2 73 

2 68 


120 

2 76 

3 08 

1 12 


was formed Table IV shows the course of quan- 
titative utilization of glucose added to washed, 
parasitized red cells, and the amount of extra 
oxygen consumed Neither lactic nor pyruvic 
acids accumulated in this instance 

Substrates metabolized by plasmodium — ^The 
oxygen uptake of washed, parasitized red cells was 
Stimulated by glycerol, pyruvate, and lactate to the 
same extent as by glucose, but was only slightly 
stimulated by succinate and fumarate Glutamate, 
aspartate, and tyrosine were inactive (Table V) 


TABLE V 

EFFECT OF ADDED SUBSTRATES ON THE OXYGEN 
UPTAKE OF WASHED, PARASITIZED RED CELLS 


Substrate 

added 

Concentration 
(mg /3 ml) 

% stimulation of 
oxygen uptake 

Glucose 

10 j 

76 6 

Tvrosine 

10 1 

ml 

Glucose 

2 0 

156 

P3Tuvate 

2 0 

161 

Lactate 

20 

179 

Succinate 

2 0 

13 6 

Fumarate 

20 

12 9 

Glucose 

20 

174 

Glj cerol 

20 

207 

Glutamate 

2 0 

njl 

Aspartate 

20 

ml 


Effect of specific inhibitors — Cyanide strongly 
inhibited the oxidation of glucose, lactate, and 
pyruvate by washed, parasitized red cells lodo- 
acetic acid, m low concentration (1 in 30,000), 
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strongly inhibited glucose, but not pyruvate, oxi- 
dation , at higher concentration (1 in 6,000), the 
specificity of inhibition disappeared, and both sub- , 
strates were equally inhibited (Table VI) 

TABLE VI 

EFFECT OF SPECIHC INHIBITORS ON THE OXYGEN 
UPTAKE OF WASHED, PARASITIZED RED CELLS ALONE, 
AND WITH ADDED SUBSTRATES 


Inhibitor 

Cone 
(mg / 

3 ml ) 

Percentage inhibition of 0, 

uptake 

No added 
substrate 

Glucose 

Pjrruvic 

acid 

Lactic 

acid 

NaCN 

0 5 

80 4 

87 6 

93 7 

87 7 

lodoacetic 






acid 

0 6 

36 0 

42 0 

86 0 

74 6 


0 6 


76 0 

83 6 


1 

0 1 


63 5 

10 1 



E§ect of aniimalanal agents — Quinine and 
mepacnne did not markedly inhibit the oxygen 
uptake of plasmodia either when respinng alone 
(washed, parasitized red cells), or in the presence 
of active substrates (Table VII) At fairly high 
concentration (1 in 6,000), there was little differ- 
entiation between the substrates, but at lower con- 
centration (I in 60,000), quinme showed a slightly 
greater inhibition of glucose and lactate oxidation, 
and mepacnne of lactate oxidation (Table VII) 

TABLE Vir 

EFFECT OF QUININE AND MEPACRINE ON THE OXYGEN 
UPTAKE OF WASHED, PARASITIZED RED CELLS ALONE, 
_AND WITH ADDED SUBSTRATES 


Anti 

malarial 

agent 

Cone 
(mg / 
3ml ) 

1 Percentage inhibition of 0, uptake 

1 after 2 hours 

No added 
substrate 

Glucose 

PjTUVIC 

acid 

Lactic 

acid 

Quinine 

0 6 

22 4 

26 7 

29 1 

36 7 


0 05 

6 0 

17 3 

2 3 

18 9 

Mepacnne 

0 6 

11 9 

34 4 

26 6 

34 6 


0 06 

60 

20 

6 8 

14 6 


At still lower concentration (1 m 300,000), the m- 
hibitory effects, particularly of mepacnne, did not 
appear until the drugs had been mcubated with the 
parasites for 2-6 hours (Table VUI) 

Glucose phosphorylation 

Changes m glucose, phosphorylated interj^ 
mediates, and lactic and pyruvic acids dunng 
incubation of infected red cell suspensions were 
expressed as molecules per 100 molecules of glu- 
cose used by uninhibited, parasitized red cells 


Table DC shows the comparison between the glu 
cose metabohsm of uninfected chick red cells and 
parasitized red cells Parasitized cells used about 
four times as much glucose as normal red cells, 
and, with parasitized cells, a large amount of lactic 
acid accumulated (0 5 to 1 5 molecule per molecule 
of glucose used) Glucose-6-phosphate, fructose- 
6-phosphate and fructose-1, 6-diphosphate were 
metabolized more rapidly m parasitized cells than 
in normal cells, but triose phosphate and pyruvic 
acid accumulated to a greater extent than in un 
infected red cells These observations showed that 
active glucose phosphorylation was proceeding 
more rapidly in infected red cell incubates than in 
normal cell incubates 

TABLE VIll 

INHlBrnON OF OXYGEN UPTAKE OF WASHED, PARA- 
SITIZED RED CELLS BY LOW CONCENTRATIONS OF 
QUININE AND MEPACRINE 


Anti 

malarial 

agent 

Substrate 

Percentage inhibition after 
- incubation for 

! 

2 hr 

4lir 

Chr 

Quinine 

none 

nil 

64 

16 8 

fool mg/ 

3 ml ) 

glucose 

9 4 

1 

1 

167 

20 0 

Afepaenne 

none 

' nil 

nil 

31 

(0 01 mg / 
Sml ) 

glucose 

nil 

68 

9 8 


Effect of specific inhibitors — ^lodoacetic acid 
completely mhibited the utilization of glucose and 
accumulation of lactic acid, and, in the accumula 
tion of hexose and triose phosphates, showed the 
typical effects of phosphoglyceraldehyde dehydro 
genase blockage Cyamde inhibited ^e utilization 
of glucose by 40 per cent, but the amount of lachc 
acid formed was greater than m the controls 
Cyamde stimulated the utilization of phosphory 
lated intermediates and of pyruvic acid, as shown 
by a decrease dunng the mcubation period 
Effect of antimalarial agents — Qum ne inhibit 
glucose utihzation more powerfully than mepacnne 
did The most marked effect of mepacnne was e 
large accumulation of adenosine triphospha 
(ATP), mdicating mhibition of the enzyme h^ 
kmase by which glucose is initially phosphoryla 
Qumine also mhibited hexokmase, but to a sma 
extent than mepacrme Both drugs 
accumulation of glucose-6-phosphate, but no 
the same extent as lodoacetic acid Fn the _ 
of qumine, pyruvic acid accumulated , 
reduced the accumulaUon of lactic acid more 
quinme did 
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• TABLE IX ' 

EFFECT OF SPECIFIC INHIBrrORS AND ANTIMALARIALS ON GLUCOSE PHOSPHORYLATION BY WASHED CHICK RED CELLS 

INFECTED WITH P gallmaceum 

Figures denote the mean numbers of {j. mok of the substrates formed (+) or used (— ) per hour per ]00 /i mok of 

glucose consumed by the control suspension 


No of cxpts 

Inhibitor 

1 

Molar cone 
of 

inhibitor 

1 

ATP 

Glucose-1 - 
phosphate 

Glucose-6- 
1 phosphate 

Fructose-6- 

phosphate 

Fructose-1, 6- 
diphosphate 

Tnose 

phosphates 

Phospho- 

glyceric 

acid 

Phospho- 

pyruvic 

acid 

Pyruvic 

acid 

Lactic 

acid 

1 1 

(Normal 

1 




1 









blood) 

— 

-23 

“h 1 66 

+ 1 16 

+ 1 19 


+0 65 

+0 66 

ml 

ml 

+ 1 51 

ml 

D 

(No inlu- 






i 







H 

bitor) 

— 

-100 1 

-1-0 79 

+ 6 99 

-3 81 


-0 01 

+4 47 

-1 29 

ml 

+5 19 

+ 115 

3 1 

lodoacetic 



1 

1 

! 









acid 

1 08 y 10 3 

+4 

1 -0 42 

+ 7 90 

+ 1022 

+0 70 

+ 023 1 

+4 67 

+ 1 00 

+ 1 07 

+2 01 

■i-6 


(Controls) 

— 

-100 

1 +1 05 

+9 32 

-017 

+019 

+0 15 

+5 96 

-1 10 

ml 

+604 

1 

+ 143 

2 

NaCN 

4 08 X 10-3 

-60 

-0 93 

+4 26 

-4 13 ! 


+0 61 

+0 53 

-1 56 

+5 84 

-0 42 

+90 


(Controk) 

— 

-100 

-1-0 66 

-0 92 

-9 80 1 

-0 30 

-0 25 


-1 10 

ml 

+5 02 

+ 69 

3 

Quinme 

5 05 y 10 ^ 

-42 

+2 39 

+5 97 

+ 1 14 1 


+041 

+ 1 87 

-0 28 


+ 5 37 



(Controk) | 

— 

-100 

-f-0 61 

+9 93 

-3 47 

-Oil 

-0 02 

1 

+5 69 

-1 60 


+4 44 


3 

Mepacnne 

3 94 X 10-* 

-79 

+6 46 

-0 91 

+2 26 

-017 

+0 47 

+3 48 1 

-0 30 

ml 

+ 1 02 

+57 


1 (Controk) 

i 


-100 

+ 0 61 

1 

+9 93 

-3 47 

-Oil 

1 

-0 02 

+5 69 

-1 60 

ml 

+4 44 

1 +118 


Discussion 

Although the malaria parasite utilizes glucose. 
Its metabolism of this substrate is comparatively 
slow , thus, in whole blood suspensions, sulBcient 
indigenous glucose is present to last the parasites 
for several hours, and added glucose produces no 
stimulation of respiratory activity That glucose 
is a necessary substrate for.the full activity of plas- 
modia IS, however, shown by the fact that infected 
red cells lose 60 per cent of their respiratory 
activity when washed free from glucose, and that 
most of this lost activity can be restored by addmg 
glucose to the washed cell suspension 

The respiration rate of washed, parasitized red 
cells can be stunulated by substrates other than 
glucose As observ'ed by previous workers (Speck, 
Moulder and Evans, 1946), lactic and pyruvic acids 
are as active as, or shghtly more active than, glu- 
cose m this respect (see, however, the next para- 
graph) Succinic and fumanc acids show a small 
but definite stimulatory effect From these obser- 
vations It IS apparent that the carbohydrate meta- 
bolism of plasmodia proceeds to some end-pomt 
beyond lactic and pyruvic acids The stimulation 
by succinate and fumarate suggests that pyruvic 
acid is metabolized via the Krebs citric acid cycle 
Using parasites freed from red cells. Speck, 


Moulder, and Evans (1946) obtained much greater 
stimulation with succinate 

Analysis of parasitized red cell incubates for 
phosphorylated intermediates confirmed the view 
of previous workers that the mitial stages of 
glucose metabolism by plasmodia follow the 
so-called Embden-Meyerhof-Parnas system charac- 
teristic of yeast and raliscle metabolism Since 
considerable quantities of lactic acid accumulated 
m these ipcubates, it seems that the conversion of 
glucose to pyruvic acid is more rapid than the sub- 
sequent utilization of pyruvate, the excess pyruvate 
being reduced to lactate McKee et al (1946) 
reported that lactate was produced six times as 
rapidly as it was utilized 

The amount of oxygen utilized by plasmodia 
bears no constant relation to the amount of glu- 
cose used In parasitized red cell incubates res- 
pirmg m the presence of glucose, the amount of 
oxygen consumed is at first less than one molecule 
per molecule of glucose used, but gradually in- 
creases to more than one molecule during the in- 
cubation penod This gradual increase in oxygen 
consumption probably indicates the “starting up ’ 
of additional oxidation systems as the metabolism 
of the initial quantity of glucose reaches the sarious 
stages The fact that it takes several hours to build 
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up to the full rate of oxygen consumption empha- 
sizes the sluggishness of carbohydrate metabolism 
in plasmodia 

Oxygen enters into the metabolic system of plas- 
modia at two points at least , firstly m the oxida- 
tion of glucose to pyruvic acid, and secondly m the 
subsequent oxidation of the pyruvate Smce the 
first oxidation (which takes place at the conver- 
sion of phosphoglyceraldehyde to phosphoglycenc 
acid) IS inhibited by lodoacetic acid, it is concluded 
that It takes place through a cham of reducmg 
reactions catalysed by dehydrogenase systems 
However, the final connection with atmosphenc 
oxygen is probably made through the cytochrome 
oxidase system, since glucose oxidation is as power- 
fully mhibited bv cyamde as pyruvate oxidation 
Furthermore, in the presence of cyamde, glucose 
and the phosphorylated intermediates are rapidly 
(.on\erted to lactic acid, which is an anaerobic 
reaction requinng no oxygen Pyruvate oxidation 
IS not appreciably inhibited by lodoacebc acid, but 
IS strongly mhibited by cyanide, and is therefore 
entirely dependent on the cytochrome oxidase 
system 

Considerable quantities of glucose- 1 -phosphate 
(an intermediate of glycogen, but not of glucose, 
metabolism) accumulated in parasitized red cell 
incubates , This accumulation probably resulted 
from a “ feed-back ” from glucose-6-phosphate 
through the reversible phosphoglucomutase re- 
action This view IS strengthened by the observa- 
tion that accumulation of glucose- 1 -phosphate 
was increased m the presence of lodoacetic acid, 
where the later stages of normal glucose phos- 
phorylation were blocked 

Parasitized red cells from which all traces of 
indigenous glucose have been removed by repeated 
washing still show an appreciable oxygen uptake, 
which IS still proceeding after 6 hours’ meubabon 
It IS generally believed that plasmodia can meta- 
bolize substrates other than carbohydrate, but, in 
view of the slowness of glucose metabolism, the 
possibility cannot be ignored that sufficient quanti- 
ties of the glucose intermediate compounds might 
remain in the parasites or red cells after washmg 
to account for the “ residual ” respiration observed 
The oxygen uptake of washed, parasitized red cells 
was not stimulated by amino-acids (glutamate, 
aspartate or tyrosine) nor could any change in non- 
protein or ammoma mtrogen be detected m the 
incubates This is not, however, m agreement with 
the results of previous workers (Moulder and 
Evans, 1946), who found both that amino-acids 
were utilized, and that non-protein and ammonia 
nitrogen were produced by plasmodia 


Having obtamed some mdication of the course 
of carbohydrate metabolism m plasmodium, we 
may consider at what points in this system quinine 
and mepaenne exert inhibitory actions In agree- 
ment with the observations of previous workers 
(Silverman et al , 1944) it was noted that neither 
drug, in low concentration, mhibited. the oxygen 
uptake of parasitized red cells until it had been in 
contact with the cells for 2-6 hours , even then, 
the inhibition was not very pronounced 


GLUCOSE 


ATP -h hexokinase (inhi- 
bited by mepaenne and 
quinine) 

■w 

Glucose-\ - * Glucose-6-phosphate 
phosphate T ’ 

phosphoglucomutase 

\h 

Fructose-6-phosphate 


ATP -f hexokmase (inhi 
bited by\ mepaenne and 
\ qumme) 

'k 

Fructose-l,6-diphosphate 

I 

'F 

Phosphoglyceraldehyde 


+ H^04 


reducing 

system 

cytochrome ^ 


Diphosphoglyceraldehyde 


cytochrome oxidase 
(mhibited by NaQ^ 




dehydrogenase (inhibited by 
lodoacetic acid, shghtly by 
qumme and mepaenne) 


Diphosphoglyceiic acid 


J 


Phosphogly ceric acid -f ATP 

I 

Phosphopynivic aad 


T 


PYRUVIC ACID -f ATP 


lactic dehydrogenase 
(inhibited by 
qumme) 


LACTIC ACID 



succinate (inhibited by 

qumme and 
fumarate mepaenne. 


Oxaloacetic add 


Fig 2 — Scheme of glucose metabohsm of P galHaa 
ceum, with mdications of the pomts of action oi 
qumme and mepaerme 
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Bovarmck et al (1946b) reported thatmepacnne 
inhibition of plasmodia could be reversed by ATP, 
and Speck and Evans (1945b) showed that both 
quinine and mepacrme inhibited yeast hexokmase 
In the present investigation, the analyses showed 
that, while qumine inhibited glucose utilization to 
a greater degree than mepacrme, the latter com- 
pound showed a more pronounced mhibition of 
hexokmase In the presence of mepacrme, the 
accumulation of glucose- 1 -phosphate was mhibited, 
presumably because of the formation of glucose-6- 
phosphate was reduced Both drugs showed some 
lodoacetate-hke mhibitory effects, but these were 
not well marked Qumme caused lactate and 
pyruvate to accumulate, and therefore mhibited 
lactate as well as pyruvate oxidation These pos- 
sible pomts of action are mdicated m Fig 2 

From the above observations, it is clear that 
qumme and mepacrme exert inhibitory activity at 
several pomts in the metabohc scheme of plas- 
modia With an organism possessmg a compara- 
tively complicated metabohsm, it is necessary that 
a therapeutic agent should have this capacity for 
multiple attack m order to be effective agamst the 
orgamsm For mstance, trivalent arsenical com- 
pounds, which inhibit only one type of enzyme, the 
so-called -SH enzymes, are active agamst certam 
trypanosomes which possess a simpler type of 
metabohsm, but are inactive agamst plasmodia, in 
which alternative metabohc paths probably exist, 
or a greater variety of substrates can be utilized 
The present investigation has given mdications of 
the pomts of action of antimalanal drugs m one 
metabohc system — carbohydrate metabohsm 
Further studies are necessary to find what propor- 
tion of the total inhibitory activity takes place at 
the different pomts, and, mdeed, whether the 
greater part of the inhibition does take place 
agamst the carbohydrate metabolism, or agamst 
other metabolic functions 

Summary 

1 Investigations on the oxygen uptake of Plas- 
modium gallinaceum show that washed, parasitized 
chick red cells can oxidize glucose, glycerol, lac- 
tate, and pyruvate, but not glutamate, aspartate. 


or tyrosme Stimulation of oxygen uptake by 
succmate and fumarate mdicates that pyruvate 
metabohsm proceeds via the Krebs citric acid 
cycle 

2 Observation of the changes m phosphorylated 
intermediates m washed, parasitized red cell mcu- 
bates confirms the view that glucose metabolism 
m plasmodia proceeds via the Embden-Meyerhof- 
Pamas system characteristic of yeast and muscle 
metabolism 

3 The possibility of metabohc systems m plas- 
modia other than carbohydrate is discussed 

4 Qumme and mepacrme exert inhibitory 
activity at several pomts m the glucose metabohsm 
of plasmodia Qum ne mhibits hexokmase and 
phosphoglyceraldehyde dehydrogenase moderately, 
and possibly lactic dehydrogenase and pyruvate 
oxidation Mepacrme mhibits hexokmase strongly, 
phosphoglyceraldehyde dehydrogenase moderately, 
and probably pyruvate oxidation 

The author is mdebted, to Mr L G Goodwm 
(Pharmacology Dept) for supplying chicks infected 
with P gallinaceum, and to Messrs P A Hankin 
and R W Neville for valuable technical assistance 
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It has long been recognized that trypanosomes 
are dependent on an adequate supply of glucose 
for the maintenance of their metabolic processes 
(Yorke, Adams, and Murgatroyd, 1929 , Geiger, 
Kligler, and Comaroff, 1930 , von Brand, 1933) 
Later work has given some indication of the 
mechanism of the glucose metabolism of various 
species of the parasite, and the nature of the end- 
points formed Reiner and Smythe (1934) showed 
that the end-point of glucose metabolism in T 
eqnipcrduni was pyruMc acid, and the same group 
of workers (Reiner, Smythe, and Pedlow, 1936) 
showed that T Icwist metabolized glucose more 
completely to yield formic, acetic and succinic 
icids, ethyl alcohol and carbon dioxide Fulton 
and Stesens (1945) reported that the products of 
metabolism of T rhodesieiise were succmic, 
pvruvic, lactic, acetic and formic acids, glycerol- 
ethyl alcohol, and carbon dioxide 

Regarding the respiratory activity of trypano- 
somes, Christophers and Fulton (1938) showed that 
owgen consumption by T rhodesieiise was entirely 
dependent on the presence of glucose, and that 
1 molecule of glucose required 1 molecule" of 
oxygen They also demonstrated the presence of 
dchvdrogenase systems in trypanosome metabol- 
ism, and the absence of inhibition by cyanide 
Reiner and Smythe (1934) reported that T 
eqmpcrditni produced very little carbon dioxide 
in the absence of bicarbonate, and that 1 80 mole- 
cules of acid (mostly pyruvic) were produced from 
the metabolism of 1 molecule of glucose These 
workers also showed that trypanosomes could 
metabolize glycerol as well as glucose, but only 
under aerobic conditions More recent work by 
Searle and Reiner (1940, 1941) has demonstrated 
the importance of carbon dioxide as an activator 
of anaerobic gljcolysis in trj'panosomes 
These in\estigations show clearly the nature of 
the end-products of glucose metabolism m vanous 
species of trypanosomes, but give little mdication 
of the intermediate processes by which these 


products are formed Indirect evidence, such as 
the ability of glycerol to replace glucose, suggests 
that the intermediate metabohsm of trypanosomes 
follows the typical phosphorylation course asso- 
ciated with yeast and muscle metabohsm How- 
ever, only in one instance, a recently published 
paper by Chen and Gelling (1946), has any direct 
evidence of glucose phosphorylation been demon- 
strated- These workers have shown that lysed 
trypanosomes will transform glucose to fructose- 
1, 6-diphosphate and triose phosphates, and will 
oxidize phosphoglyceraldehyde to phosphoglycenc 
acid 

The investigations desenbed in this communica- 
tion corroborate the findmgs of other workers 
regarding the respiratory activity of trypanosomes, 
and provide further evidence that glycolysis pro- 
ceeds via the typical chain of phosphorylation 
reactions Some preliminary indications are given 
of the points of attack by trypanocidal agents, on 
which there are no previous reports 

Materials and Methods 

The organism was a strain of Trypanosoma evansi_ 
isolated from a camel in the Sudan in 1938, and main- 
tained in mice, m which it produces heavy, acute 
blood infections Infected blood was obtained from 
the exposed hearts of mice killed by placing them 
in an atmosphere of carbon dioxide 

Respiration experiments — Oxygen consumption ivas 
measured in conventional Warburg constant volume 
respirometers, using 15 ml flasks maintamed at 38° C 
A set of twelve respirometers was run in duplicate, 
tnplicate, or quadruplicate groups, according to the 
number of vanants required Since normal mouse 
blood showed only a negligible oxygen uptake, whole 
blood containing the trypanosomes was usually used, 
diluted ivith “ isotonic buffer ” (0 85 per cent NaCl, 
100 ml , Af/15 phosphate buffer, pH 7 3, 30 ml) 
containmg a little citrate to prevent clotting The 
concentration of trypanosomes was 10 to 100 million 
per flask In a few experiments where blood-free 
trypanosomes were required, the parasites were 
separated by adding an equal volume of distilled 
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water to the blood-buffer suspension, which contained 
0 05 per cent glucose The resultant lowenng of 
tonicity lysed the red cells of the blood, but did not 
disrupt the trypanosomes, which were centnfuged 
down, washed free from haemoglobin with isotonic 
buffer-glucose, and finally resuspended in glucose-free 
isotonic buffer 

Glucose was determined in the incubates from the 
respirometer flasks by the method of Fohn and Wu 
(1920) Pyruvic acid was determined by the modified 
method of Lu (1939) descnbed by Umbreit, Burris, 
and Stauffer (1945), and lactic acid by the method of 
Barker and Summerson (1941) 

Experiments on glucose phosphorylation — Mouse 
blood heavily infected with trypanosomes was diluted 
with isotonic buffer containing a known concentration 
of glucose An aliquot of the suspension was de- 
proteinized immediately by addmg an equal volume of 
ice-cold 12 per cent (w/v) trichloroacetic acid Simi- 
lar aliquots were incubated at 38° C for 40-100 min , 
either alone, or m contact with inhibitors or trypano- 
cid6s These were then treated with tnchloroacetic 
acid, chilled in the cold-room, and the precipitated 
protein removed by centrifuging The concentration 
of trypanosomes was 10 to 100 million per aliquot 
The clear supernatants were subjected to a complete 
analysis for glucose, phosphorylated intermediates, 
pyruvic and lactic acids Glucose was determined in 
dilutions of the supernatants by the method of Folm 
and Malmros (1929) , pyruvic and lactic acids by the 
methods already referred to The remaining super- 
natant was adjusted to pH 8 2 and analysed for hexose 
phosphates, tnose phosphates, phosphoglycenc acid 
and phosphopyruvic acid using the experimental tech- 
nique descnbed by Umbreit, Burns, and Stauffer 
(1945) The amounts of the vanous intermediates 
were expressed in molecular proportions (p moles) 
The trypanocides mvestigated were phenylarsine 
oxide — tnvalent arsenical , tryparsamide — pentavalent 
arsenical , undecane diamidine — straight chain di- 
amidine , stilbamidine — aromatic diamidine 
.Samples of phenylarsine oxide and tryparsarmde 
were kindly supplied by Dr T Dewmg of the Well- 
come Chemical Laboratones, Dartford 

Results 

Respiration experiments 

Fig 1 shows the oxygen uptake of an infected 
blood suspension containing increasing concentra- 
tions of glucose The initial respiratory rate was 
the same for all concentrations, but the oxygen up- 
take ceased abruptly as soon as all the glucose had 
been used up This experiment showed clearly the 
dependence of trypanosomes on an adequate 
supply of glucose The more gradual fallmg off 
of respiratory rate in the presence of excess glucose 
was at first presumed to be the result of toxic action 
by accumulated end-products However, subse- 
quent experiments showed that the pH of the 



Fig 1 — Effect of increasing amounts of glucose on the 
duration of respiration of mouse blood suspension 
contammg T evansi 


medium was not appreciably lowered durmg the ^ 
experiment, nor was added pyruvate (the chief 
end-product) toxic to the trypanosomes The 
slowing down of respiratory rate may therefore be 
caused by exhaustion of available nutritional 
factors in the parasites or host blood 

The chief end-product of glycolysis by T evansi 
was pyruvic acid, which accumulated finally in the 
proportion of 1 75 molecules per molecule of glu- 
cose used, one molecule of oxygen being used up 
in the reaction" (Fig 2) 

The rate of oxygen uptake of suspensions of 
trypanosomes separated from the blood of the host 
was reduced to 50 per cent of that of the onginal 
whole blood suspension Nearly 75 per cent of the 
lost respiratory activity was recovered by addmg 
5 per cent of mouse plasma to the separated para- 
sites (Table I)> but addition of lysed mouse red 
cells had no stimulatory effect It may be, there- 
fore, that the trypanosome rehes on the plasma of 
the host for many of the nutntional factors re- 
quired for its metabolism Individual factors, 
includmg pantothemc, mcotinic, adenylic acids, 
thiamin, riboflavin, pyndoxin, and mositol were 
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Fig 2 — The utilization of glucose and oxygen and the 
formation of pyruvic acid by T evansi (whole blood 
suspension) 


ticularly m the presence of glucose With glyco- 
gen, a slow, prolonged oxygen uptake was ob- 
served It was found, however, that glycogen was 
slowly hydrolysed to glucose by normal mouse 
blood The respiration of the trypanosomes m 
the presence of glycogen therefore resulted from 
the utihzation of this glucose as it was produced, 
and not from a direct metabolism of the 
polysaccharide 

TABLE n 

' EFFECT OF'SPECinC INHIBITORS ON THE Oj UPTAKE 
OF TRYPANOSOMES 

Whole blood suspensions containing added 
glucose 


Inhibitor 

Concentration 

1 inhiblbon 

1 

1 moJar 

lodoacetic add 

BO 0 

8 98 X 10-* 



10 0 

1 70 X 10-* 

89 3 


2 0 

3 58 X 10-* 

63 3 

•» 

04 

7 71 X 30- 

4 e 


0 08 

1 43 X 10-' 

nil 

Sodium fluonde — 

BOO 

3 97 X 10-^ 

41 6 


100 

7 94 X 10-‘ 

13 0^ 


2.0 

1 B9 X Id-* 

/2 7 


04 

3 18 X 10-* 

nil 

Sodium cyamde 

BOO 

3 4 X 10-* 

10 3 


1 600 0 

1 

3 4 X 10-s 

8 1 


TABLE I 

STIMULATORY EFFECT OF MOUSE PLASMA ON THE OXYGEN 
UPTAKE OF SEPARATED, WASHED TRYPANOSOMES 

Washed parasites suspended in isotonic buffer 
4- 0 05 per cent glucose Ot uptake compared 
with that of the onginal whole blood suspension 


Expt 

% plasma 
added 

% of “normal” 
respiration rate 

1 % recovery 

1 

160 

none 

62 6 

- _ 


60 

87 8 

74 2 

167 

none 

46 2 



3 33 

79 0 

61 6 


1 66 

68 6 

42 7 


0 06 

65 6 

18 7 

1 

0 16 

66 2 

18 4 


investigated, but none increased significantly the 
respiratory rate of separated trypanosomes 
Trypanosome suspensions respired m the 
presence of glycerol as readily as with glucose 
One molecule of oxygen was used up per molecule 
of glycerol, and one molecule of pyruvic acid was 
formed Lactate, fumarate, succmate, glutamate, 
and aspartate were not metabolized Pyruvate 
produced a small additional oxygen uptake, par- 


Effect of specific inhibitors — The mhibitory 
effects of lodoacetic acid, NaCN, and NaF on the 
oxygen uptake of mfected blood suspensions are 
shown in Table 11 lodoacehc acid dnd NaF were 
powerful inhibitors of trypanosome respiration 
Cyamde had little effect on the oxygen uptake, but 
the amount of pyruvic acid formed was reduced to 
one molecule per molecule of glucose (Fig 3) 



Fig 3 —Effect of NaCN and lodoacetic acid on the 
utilization of glucose and oxygen and the formation 
of pyruvic acid by T eio/in (whole blood suspension! 
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Effect of trypanocides — ^The oxygen uptake of 
trypanosome suspensions was almost completely 
inhibited by concentrations of 1 in 300,000 of 
phenylarsine oxide, but was only shghtly inhibited 
by 1 in 30,000 of tryparsamide Sblbamidine had 
little inhibitory effect even in concentrations as 
high as 1 m 6,000 Undecane diamidme, how- 
ever, produced 50 per cent mhibihon of oxygen 
uptake at 1 m 30,000 concentration, but no further 
inhibition was obtained on increasing the concen- 
tration above this level (Table III) 

Phosphorylated intermediate analyses 
In these experiments, the standard of activity 
was taken as the amount of glucose utilized by 
umnhibited trypanosome suspensions, and the 
changes in concentration of the intermediate and 
end-products were expressed as the mean number 
of molecules used (-) or produced ( + ) per 100 
molecules of glucose consumed by unmhibited, 
mfected blood suspensions 
Glucose phosphorylation by normal and infected 
blood — ^Table IV shows that trypanosome-mfected 
blood used more than 10 times as much glucose 
as did normal blood , that glucose-6-phosphate was 


TABLE m 

EFFECT OF TRYPANOCIDES ON THE On UPTAKE OF 
TRYPANOSOMES 

Whole blood suspensions containing added 
glucose 


Trypanocide 

Concei 

atration 

% 

inhibition 

fig /3 ml 

molar 

Phenylarsine oxide 

10 0 

1 98 X 10-‘ 

81 3 

(Trivalent As) 

60 

9 93 X 10-* 

49 0 


20 

3 97 X 10-* 

34 0 


OB 

9 93 X 10-’ 

14 6 


0 1 

L98 X 10-’ 

67 

Tryparsamide 

100 0 

1 09 X lO-* 

1 70 

(Pentavalent As) 

10 0 - 

1 09 X 10-» 

4 78 

Stilbamidine 

600 0 

6 32 X 10-« 

3 66 


100 0 

1 26 X 10-* 

ml 


100 0 

1 26 X, 10-* 

2 98 


10 0 

1 26 X 10-* 

2 08 

Undecane diaimdine 




di-HCl 

600 0 

6 36 X 10-< 

48 6 


100 0 

1 07 X 10-< 

61 6 


100 0 

1 07 X 10-* 

48 0 


10 0 

1 07 X 10-* 

32 4 


TABLE IV 


EFFECT OF SPECIFIC INHIBITORS AND TRYPANOCIDES ON GLUCOSE PHOSPHORYLATION BY T CVanSl 


Figures denote the mean numbers of n moles of the substrates formed (-1-) or utilized (— ) per hour per 100 ft moles 
of glucose consumed by the control suspension (umnhibited ttypanosome-blood suspension) 


No ofexpts 

Inhibitor 

Molar cone 
of 

mhibitor 

Glucose 

ATP 

A cs 

8& 

3 O 

O a 

Glucose-6- 

phosphate 

Fructose-6- 

phosphate 

Fruct-1, 6- 
diphosphate 

Triose 

phosphates 

Phospho- 

glycenc 

acid 

Phospho- 

pyruvic 

acid 

Pyruvic 

acid 

Lactic 

acid 

1 

(Normal 

1 blood) 

1 

-7 

-1-29 

+ 12 

-0 8 

+0 49 


+0 3 

-19 

+018 : 

1 

+4 

1 

+ 13 7 

4 

(No inhib) 

— 

-100 

-1-6 6 

i +1 4 

1 

1 -26 7 

1 

+0 79 



I -41 

+3 65 

+ 174 

-0 21 

4 

lodoacetic 

acid 

(Controls) 

5 38 X 10 * 

-38 

-100 



-138 
-26 7 

+0 42 
+0 79 

+0 38 
-017 


1 

1 -1 1 
; -4 1 

1 

+2.55 
+3 65 

1 

1 

+ 12 
+ 174 

nil 

-0 21 

2 

NaCN 

(Controls) 

4 08 X 10 * 

-173 

-100 

+9 1 
“h5 8 

-0 6 
-06 

-16 8 1 
-20 3 

+0 69 
+ 1 23 

-0 02 
-0 01 

+0 5 
-01 

i +0 2 
i -29 

i +1 53 
+3 65 

+203 
+ 159 

+0 7 
-3 8 

2 

Phenylar- 
sine oxide 
(Controls) 

5 95 X 10 * 

-24 

-100 

-1-108 
+7 4 

+4 1 
+ 34 

1 

-20 9 
-33 1 

j 

+007 
+0 36 j 

-0 15 
-0 35 

+2 8 
+21 5 

-20 8 

1 -54 

1 

+7 
+ 189 

+3 5 
+3 3 

1 

1 

Stilbami- 

dine 

(Controls) 

3 79 X 10-^ 

-78 

-100 

-4 1 
+ 115 

-10 7 
+ 68 

+ 105 
-1 2 


-0 70 
-0 70 

+6 4 1 
+21 0 

-89 

-57 


+202 

+215 

+8 8 
+ 123 

2 

Undecane 

diamidme 

(Controls) 

6 4 X 10-< 

1 -148 
-100 

+7 2 
+58 

-07 

-06 

-9 4 
-20 3 

+ 1 36 
+1 23 


1 

+3 2 
-01 

-0 7 
-2 9 

1 1 

i +5 36 
+3 65 ! 

+ 190 
+ 159 

-0 6 
-3 8 
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very rapidly utilized by infected blood , and that 
glucose- 1 -phosphate, triose phosphate, phospho- 
pyruvic acid and particularly pyruvic acid accumu- 
lated in parasitized blood incubates Adenosme 
triphosphate (ATP) accumulated more rapidly m 
mfected than m normal blood The mean amount 
of pyruvic acid formed was 1 74 molecules per 
molecule of glucose^ used, which agrees with the 
results of the respiration experiments Normal 
blood produced practically no pyruvic acid, but 
some lactic acid accumulated 

Effect of specific inhibitors — In the presence of 
lodoacetic acid, glucose utilization was strongly 
inhibited, ATP was consumed, and glucose-6- 
phosphate disappearance was retarded, while 
hexose diphosphate accumulated These observa- 
tions are m accordance with the accepted view that 
lodoacetic acid blocks the dehydrogenase reaction 
which promotes the oxidation of phosphoglycer- 
aldehyde to phosphoglyceric acid Cyamde 
actually mcreased the amount of glucose utihzed, 
but reduced the proportion of pyruvic acid formed 
It had httle effect on the intermediates of the 
system 

Effect of trypanocides — Of the trypanocides in- 
vestigated, phenylarsme oxide had the most strilang 
effect In the presence of this compound, very little 
glucose was utilized, and ATP accumulated in the 
incubate This suggests an inhibition of hexolcin- 
ase, since the ATP released by dephosphorylation 
was not being re-utilized to phosphorylate more 
glucose The intermediates beyond the “ block ” 
were rapidly consumed 

Undecane diamidine behaved similarly to 
cyanide in that it mcreased the glucose utilization 
and reduced the proportion of pyrUvic acid formed 
Stilbamidine mhibited glucose utilization slightly, 
but mcreased the proportion of pyruvic acid pro- 
duced to 2 6 molecules Its effect on the inter- 
mediate metabohsm resembled that of lodoacetic 
acid, though glucose utilization was not inhibited 
to the same extent. 

Discussion 

The preluninary observations on T evansi 
showed that suspensions of the parasites meta- 
bolized glucose and glycerol exclusively, the oxy- 
gen uptake ceasing abruptly as soon as the add^ 
substrate was consumed The end-point of the 
metabolism of either substrate was pyruvic acid, 
and quantitatively the gross reactions takmg place 
conformed fairly closely to the equations 

C.Ht O.-f-O. >2CM,0, + 2U.0 

glucose pyruvic 

acid 


and aH.0.4 O, — =->aH.O, + 2H,0 
glycerol 

These observations are similar to those reported 
for f equipetdum (Remer and Smythe, 1934) No 
other substrates were utihzed by T evansi 
Polysaccharides (glycogen) were not broken down 
directly, and none of the intermediates associated 
with the subsequent utilization of pyruvic acid 
(succinate and fumarate), nor -amino-acids, stimu- 
lated the respiratory activity of the trypanosomes 
The metabolic activity of this trypanosome there- 
fore appears to be limited to the conversion of 
hexoses to pyruvic acid, smce glycerol can be 
regarded as an mtermediate of this process 

The next step was to examme the intermediate 
stages of this reaction In most living cells, glu- 
cose breakdown proceeds %’ia the so-called Embden- 
Meyerhof-Pamas scheme of reactions (Fig 4) which 
operates through a cham of phosphorylated hexose 
intermediates Previous work on trypanosomes 
suggested that the metabolism of these organisms 
followed this scheme In the present work, analy- 
sis of trypanosome suspensions before and after 
a period of incubation with glucose showed that 
active changes in the levels of phosphorylated 
intermediates had taken place These changes 
were much greater in parasitized blood than m 
normal mouse blood Addition of lodoacetic acid 
slowed down the rate of utilization of the hexose 
phosphates as well as the oxygen consumption of 
the parasites From these observations it is 
concluded that the glucose metabolism of the 
trypanosomes followed the Embden-Meyerhof- 
Parnas scheme 

The only point at which atmospheric oxygen 
enters m to the above scheme is m the oxidation of^ 
phosphoglyceraldehyde to phosphoglycenc acid 
Biological oxidations may-be accomplished either 
by transferring oxygen through a cham of oxida- 
tion reactions to the compound to be oxidized, or by 
transfernng hydrogen from the compound through _ 
a cham of reducmg actions to a pomt where it can 
be oxidized to water by atmosphenc oxygen Oxi- 
dation systems (usually mcludmg the cytochrome 
system) are mhibited by cyanide , dehydrogenase 
systems by lodoacetic acid Smce the oxygen up 
take of trypanosomes was inhibited by lodoacetic 
acid, but not by cyanide, it is concluded, m agree- 
ment with Christophers and Fulton (1938), that 
only dehydrogenase systems operate m their 
utilization of oxygen 

In any metabolic system, certain co-factors are 
necessary for the functioning of the enzyme re- 
actions mvolved The factors required by trypano- 
somes may be obtamed from the plasma of the 
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GLUCOSE 

ATP+faexokinase (inhib- 
ited by As'") 

- 

' 1 ' 

<jlucose-l - - - Gliicose-6-phospIiate 
phosphate - - 

phosphoglucomutase 

'i' 

Fructose-6-phosphate 

ATP+hexokinase (prob- 
p ably inhibited by As’") 

4 / 


Fructose-1, 6-diphosphate 



PhosphogI} ceraldehvde 


+ H,PO. 

Diphosphoglyceraldeh v de 
reducing system 

dehydrogenase (inhibited 

(partially inhibited by by lodoacetic acid) 
undecane diamidme) 

•h 

Phosphoglvcenc acid f ATP 

enolase (inhibited by NaF) 


Phosphopyruvic acid 



PYRUVIC ACID + ATP 

(main end-product) 

’f ' ^ decarboxylase 

' (mhibited by 

' stilbamidme) 

Lactic acid Acetic acid 

t 

t 

1 

Protein synthesis 

Fig 4 — Scheme of glucose metabohsm of T evansi, 
with indications of the pomts of action of trypano- 
cides 

host, smce the respiration rate of trypanosomes 
separated from plasma was reduced by half, and 
the activity Could be restored by adding normal 
mouse plasma Other explanations, such as os- 
motic disturbances and surface phenomena, could 
account for this loss of metabolic activity, but the 
fact that only 5 per cent of plasma was required 
to restore most of the lost respiratory rate would 


favour the nutritional factors as the most likely 
explanation 

Although the above equation for the oxidation 
of glucose to pyruvic acid was fairly well satisfied. 
It was noticed repeatedly that only 1 75 molecules 
of pyruvic acid accumulated, instead of the 
theoretical 2 molecules, and that a httle more than 
one molecule of oxygen was utihzed This suggests 
that a lilt'e of the pyruvate is oxidized by the 
trypanosomes, and might be the source of the pro- 
tein which must be synthesized for the multiplica- 
tion of the parasites Some indication of the mode 
of metabolism of the quarter molecule of pyruvic 
acid was provided by the observation that cyanide 
decreased the amount of pyruvic acid which 
accumulated, relative to the amount of glucose 
used up Tauber (1938) reported that cyanide 
was an activator of co-carboxylase, and it is 
probable, therefore, that the pyruvate undergoes 
preliminary decarboxylation The fact that trypano- 
somes produce a small amount of respiratory 
COa (Reiner and Smythe, 1934 , Chnstophers and 
Fulton, 1938) supports this theory, since the re- 
action ending in pyruvic acid produces no CO- 

It IS now possible to consider at what pomts in 
this metabohc scheme the various types of trypano- 
cides exert their action It is clear from the 
results that tnvalent arsenicals strongly inhibit the 
hexokinase reaction, and therefore block the utili- 
zation of glucose at the first stage, conversion to 
the 6-phosphate This observation agrees with the 
report of Dixon and Needham (1946) on the action 
of arsenical Vesicants on the glucose metabolism of 
skin Pentavalent arsenicals showed no inhibition 
of trypanosome respiration, which is in accordance 
with the view that these compounds must first be 
reduced m vivo to the tnvalent state before 
becoming active 

The pomt of action of the diamidmes was less 
obvious than that of arsenic, but it appears that 
the straight cham compounds (undecane di- 
amidine) differ in action from the aromatic com- 
pounds (stilbamidme) The former compound 
behaved similarly to cyanide m decreasing the 
amount of pyruvate formed, while stilbamidine 
had the reverse effect of mcreasmg the pyruvate 
accumulation Though stilbamidme caused 
striking changes m the levels of phosphorylated 
intermediates, it did not mterfere to any extent 
with the utilization of glucose or oxygen during 
the 60 to 90 mmute penod of the manometnc 
expenraents Its trypanocidal action may there- 
fore result from the inhibition of pyruvate meta- 
bohsm, causing ultimate suppression of growth 
These conclusions are in agreement with the obser- 
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vations of Loune and Yorke (1937) that this type 
of compound (synthahn) only showed trypanocidal 
activity in vitro after at least 24 hours’ incubation 
The point of action of undecane diamidme is not 
clear, since mtermediate glucose metabolisift is not 
greatly influenced by the compound It did, how- 
ever, cause a 50 per cent reduction m oxygen up- 
take, so that its pomt of action may he somewhere 
m the dehydrogenase system (Fig 4) 

Two compounds which do not appear to fit 
directly mto the metabohc scheme of trypanosomes 
require some consideration The first one, glucose- 
1-phosphate, is not an mtermediate of glucose but 
of glycogen phosphorylation Although it was 
shown that trypanosomes do not metabolize glyco- 
gen directly, an increase m glucose- 1 -phosphate 
was observed m some cases m uninhibited m- 
cubates and in the presence of inhibitors blockmg 
the normal metabolic cham In lodoacetic acid 
inhibition, where the blockage occurs beyond the 
glucose-6-phosphate stage (Fig 4), accumulation 
of glucose- 1 -phosphate might result from a “feed- 
back ’’ from the 6-phosphate via the reversible 
phosphoglucomutase reaction With phenylarsine 
oxide, however, where the greatest accumulation 
of glucose- 1 -phosphate occurred, this “ feed-back ” 
could not operate, smce the formation of the 6- 
phosphate itself from glucose was inhibited The 
accumulation of the 1 -phosphate m this case 
cannot as yet be explained 

The second compound for consideration is 
lactic acid, which accumulated in normal blood 
incubates, but not in mcubates contammg trypano- 
somes Moreover, when glucose metabolism was 
blocked by lodoacetic acid, lactic acid mitially 
present disappeared during incubation These 
observations suggest that indigenous lactic acid 
can be converted to pyruvic acid by the parasites 
Further evidence of this possibihty is provided by 
the observed accumulation of more than the 
theoretical two molecules of pyruvic acid in the 
presence of stilbamidme 

Summary 

1 Investigations of the oxygen utilization of 
suspensions of T evansi show that this trypano- 
some metabolizes glucose mainly to pyruvic acid, 
though a small quantity of this end-product is 
probably further utilized by decarboxylation 


2 Analysis of trypanosome suspensions for 
phosphorylated mtermediates m the presence of 
specific inhibitors shows that the intermediate 
metabohsm of the* parasites follows the typical 
Embden-Meyerhof-Pamas scheme charactenstic 
of yeast and muscle metabohsm 

3 At least some of the nutritional factors re- 
quired m this metabolism may be obtained from 
the plasma of the host 

4 Trypanosomes appear to be able to utilize the 

lactic acid in the host blood, probably by conver- 
sion to pyruvic acid ' ex 

5 Observation of the effects of typical trypano- 
cides suggests that tnvalent arsenicals mhibit 
the hexokmase reaction in trypanosomes , that 
pentavalent arsemcals are inactive unless reduced 
m VIVO to the tnvalent state , that straight cham 
diamidines (undecane diamidme) partially mhibit 
the dehydrogenase system on "which oxygen trans- 
port depends m trypanosomes , and that aromatic 
diamidmes (stilbamidme) probably inhibit the 
decarboxylation of pyruvic acid 

The author is indebted to Messrs P A Hankin and 
R W iNeville for valuable technical assistance 
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The discovery and evaluation of the chemo- 
therapeutic activity of diaminodiphenvlsulphone 
in these laboratories (Buttle, Stephenson, Smith, 
Dewing, and Foster, 1937) maugurated a search 
which has gone on ever since for a drug which 
combined the activity of the sulphone with free- 
dom from toxicity to the host A number of de- 
rivatives proved to be active antibacterial agents 
and were suTsjected to a comprehensive pharma- 
cological study The sulphone derivatives mclude 
in their range high antibacterial activities to 
streptococci, pneumococci, and M tuberculosis 
One derivative, 4 4'-bis(Y-phenyl-n-propyl- 
amino) diphenylsulphone-tetrasodium sulphonate, 
given the registered name “ sulphetrone,” attracted 
attention by reason of its freedom from toxicity 
and Its high antibacterial activity A pharma- 
cological and therapeutic study of this deiivative 
has been made and details are given of the 
structure, chemical and physical properties, phar- 
macology, experimental therapy, and possible 
clinical uses of the drug 

Chemistry 

Preparation and properties of sulphetrone 
The chemical preparation has been described by 
Gray and Henry (1936), and by Buttle, Dewmg, 
Foster, Gray, Smith, and Stephenson (1938) The 
final stage is precipitation with alcohol which yields 
an amorphous material contaming, when air-dned, 
5-7 per cent water which it loses when heated to 
110° C in vacuo Obtamed crystalline, the com- 
pound contains 5-7 per cent of water , the calcu- 
lated percentage for monohydrate is 1 98 Its 
probable constitution is 
C.H.CH CH.CH NH C.H.SO.C.H.NH CH CH.CH C.H, 

L L 11 

So,Na So.Na So.Na So.Na 

Molecular weight ■"802 6 


Typical migrating boundaries may be obtamed by 
electrophoresis, and analysis by this means has 
enabled Mr P A Charlwood, of these labora- 
tories, to say that the drug as prepared is not 
homogeneous but consists of a major component 
of some 94 per cent and a minor component of 
6 per cent 

The compound is msoluble m alcohol and other 
orgamc solvents, but is exceedingly soluble in cold 
water to, give a syrup Twenty and forty per cent 
(w/v) solutions are stable when neutral or slightly 
alkaline and may be autoclaved Boiling- with nor- 
mal acid yields a brown coloured complex of high 
molecular weight and only by more drastic hydro- 
lysis IS It possible to recover a small proportion of 
the whole as diaramodiphenylsulphone 

Estimation of sulphetrone 

Sulphetrone was estimated m blood, unne, cerebro- 
spinal fluid and tissues by diazoUzation and coupling 
to N-(l -naphthyl) -ethylenediamine hydrochlonde 
(Bratton and Marshall, 1939) and estimating the pig- 
ment colon metncally or, preferably, absorptiometnc- 
ally Although the facility with which derivatives 
of diammodiphenylsulphone are adsorbed by un- 
denatured protein is not shared by sulphetrone, ad- 
mixture with precipitated protems is intimate, and 
therefore the conditions governing the optimum re- 
covery of drug were determined expenmentally 
When the followmg conditions are ngidly adher^ 
to, 90 per cent recovenes of drug are obtained , the 
over-all dilution of 1 in 15 and the concentraUon of 
acid are cntical 0 5 c c blood, or other body fluid, 
IS added to 5 cc N/l HCl and mixed well , 20 cc 
12 per cent (w/v) tnchloroacetic acid are added, and 
the well-mixed solution filtered immediately through 


• The de\"e]opmcnt of sulphetrone is pan of the profo-amme of 
work on antituberculous compounds earned out b> the Therapeutic 
Research Corporation of Great Bntain, Limited 
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a No 5 Whatman paper and repassed until bnlliantj 
3 c c of filtrate are mixed with 0 05 c c 0 3 per cent 
fresh (weekly) sodium mtnte and left 3 mm , 
0 05 c c 15 per cent ammonium sulphamate is 
now added and the solution left 2 min , Anally, 
0 05 cc 0 1 per cent N-(l-naphthyl) ethylenediamme 
hydrochloride is added and mixed well The colour 
should be allowed tp develop for 30 min before being 
read colorimetncally or absorptiometrically with a 
Wratten 61 filter 

The visible absorption spectra of the naphthyl- 
ethylenediamine denvatives of diaminodiphenylsul- 
phone and sulphetrone are shown in Fig I The 
colour mtcnsity of the sulphetrone-dye complex is 
much less than that of the parent substance, although 
the optimum conditions for colour production were 
found expenmentally and the concentrations were 
adjusted to be approximately equivalent , this suggests 
that sulphetrone may not be readily hydrolysed, a 
suggestion borne out by the pharmacological evidence 
The ultra-violet absorption spectra of the derivative 
and the parent compound arc mcluded m Fig 1 

All estimations of sulphetrone are given in terms of 
the anhydrous compound 

By collaboration with The Tintometer, Ltd, a 
standard Lovibond colour disc is available for the 
rapid reading of blood and body-fluid estimates fall- 
mg within the range of 0 to 9 mg per 100 cc 

Toxicity 

Acute toxicity 

A 10 per cent (w/v) solution of sulphetrone is 
isotonic with 0 91 per cent sodium chloride, and 
hypertonic solutions up to 60 per cent (w/v) are 
readily obtained The need to administer large 
volumes of these grossly hypertonic solutions, 
together with poor absorption from the gut and 


low intrinsic toxicity, make the determination of 
acute toxicity m precise figures of questionable 
significance 

The results of an estimate of oral toxicity are 
shown in Table I AU mice receiving 2 0 g per 


TABLE I 

Toxicity for rmce of sulphetrone given orally m 
solution , 


Dose 
g per kg 

Dead/Total 

Tune of 
death in 
hours 

Mean blood concen- 
tration at death, mg 
per 100 c c i S D 

2 00 

20/20 

0 76 

960 ± 330 

1 76 

12/20 1 

1 60 

2700 ± 874 

1 60 

4/20 j 

mthm 

6 00 

240 ± 19 9 

I 26 j 

0/20 


Mean blood level of all 
survivors at 6 hours 
14 ± 2 


kg as 60 per cent solution, and those which died 
after I 75 and 1 50 g per kg , died quickly, after 
collapse and circulatory failure Post mortem there 
was gross dehydration and collapse of major blood 
vessels, the stomach and gut were distended and 
the contents contained blood The opinion was 
formed that the hypertonicity of the solutions made 
a major contnbution to the death of the ammals 
For example, the blood concentrations at death 
after the three higher doses appear to be related to 
hypertonicity and time of death, and are in marked 
contrast to the concentration found at the fifth hour 
in the fourth group 

Intravenous administration of a 20 per cent 
(w/v) solution caused deaths m groups of mice at 



Fig 1 — Spectrometic measure- 
ments of diaminodipbenyl- 
sulphone I and sulphetrone 
II in the ultra-violet, and of 
diaminodiphenyl -sulphone- 

- naphthylethylenedianiine 
dyelllandsulphetrone naph 
thylethylencdiamine dye IV 
in the visible wavelength 
Ordinates, extinction co- 
efficient, Abscissae, 

wavelength, in mu I, I 018 
mg pier 100 c.c IV/10 HCl, 
n, 1 022 mg in 100c c H,0, 
UT, 0 25 mg per 100 cc 
Nil HCI, IV, 0 8 mg per 
100 cc Njl DO 
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doses of 2 5, 2 75, and 3 g /kg but not at 1 5 g /kg , 
at which dose level the mean blood concentration 
was 650±160 mg per 100 cc Most deaths took 
place withm one minute The mice became 
cyanosed, mvoluntary spasms were overtaken by 
- epileptiform convulsions which passed to extensor 
hmd-hmb paralysis , dyspnoea was followed by 
apnoea There were a number of late deaths 
(1-24- hours) The results are set out m Table II 
Computed by the method of Bliss (1938) the LD50 
IS 2 7 g with a range of 2 4 to 3 g per kg 


TABLE n 

Toxicity for mice of sulphetrone given intravenously 
m solution 


Dose 
g leg 

Dead/ 

Total 

Time of 
death 

Mean blood concen- 
tration at death, mg 
jjer 100 c c ± S D 

2 6 

6/20 

4 in 1 min 

1000 ± 200 



2 m 2 6 hrs 


2 76 

14/20 

10 in 1 mm 




4 in 1 hour 

1160 ± 240 

3 00 

14/20 

14 m 1 mm 

1400 ± 400 


A dog was given 1 g sulphetrone per kg mtra- 
venously m 40 per cent (w/v) solution (a total of 
10 g), the resulting blood concentrations were 
61 8 mg per 100 cc at 15 min, 14 mg at 1 hour, 
18 mg at 2 hours, and 6 8 mg at 24 hours It wiU 
be seen that unnary clearance was rapid Apart from 
lethargy and unsteadmess of gait, no symptoms were 
observ^ until after one hour, when the ammal had 
a ngor with tachycardia lasting for 15 min Two 
hours after the injection the animal was in high spints 


Intrapentoneal mjection of 2 g per kg m 40 per cent 
(w/v) solution was followed by essentially the same 
symptoms and resulted m a blood level of 96 4 mg 
per 100 cc at 15 mm, 18 mg at 1 hour, and 2 mg 
at 24 hours 

After 2 g per kg mtravenously the dog collapsed 
for a bnef penod 20 mm after the injection , 20 mm 
later there was a ngor and vomitmg and a penod of 
tachycardia for 15 mm The animal was lethargic but 
recovered, and appeared normal in 2 hours Blood 
levels were 160 mg per 100 cc at 15 mm , 38 mg at 
one hour, and 2 5 mg at 24 hours 

Experiments on the effect on alkah reserve, 
described later, suggest that some but not all of the 
immediate effects after large intravenous doses 
may be associated with mcreased plasma alkali 
However, since blood concentrations of the simple 
sulphonamides of half this magnitude cause severe 
symptoms and death m dogs, it is apparent that 
sulphetrone has little acute toxicity m the sense m 
which this term is normally used 

Chronic toxicity 

Four adult rabbits of mixed sexes weighing 
2 5-3 kg were kept m metabolism cages for 40 
days, durmg which period they received a diet 
containing 4 per cent sulphetrone and consistmg 
of bran, sugar-beet pulp, and water Two ad- 
ditional rabbits were fed upon the diet without 
drug 

A record was made of the drug mtake, together 
With daily estimations of the concentrations of 
drug m blood, urme, and faeces Estimations 
were made of reticulocytes, erythrocytes, total 



Fig 2 — Sulphetrone drug- 
balance exjienments i n 
a group of four rab- 
bits receiving 4 per 
cent of drug in the 
chef A, average daily 
drug m unne and B, 
average daily drug m 
faeces, the ordinates 
being drug in grams 
C, average daily blood 
concentration, the or- 
dinates being drug in 
mg per 100 c c 
Equilibnum is estab- 
lished after 3 or 4 
days Between days 
6 and 20, about one- 
third of the drug is 
unabsorbed, subse- 
quently this figure 
clrops to about one- 
quarter 
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white-cell count, and haemoglobin concentration 
Although no abnormalities were detected m 
the white-cell count, progressive hypochromic 
anaemias were observed in 3 out of 4 rabbits In 
one rabbit this was the cause of death at the 15th 
day In Fig 2 are graphed the mean amounts of 
drug in unne (A) and faeces (B) and the blood 
level (C) in mg per 100 cc Equilibrium was 
achieved after about three days At first about 
1/3, but later only about 1/4, was unabsorbed. 
After equihbrium had been achieved the blood 
level averaged 18 6 mg per 100 cc ±SD 6 0 

Treatment of hypochromic anaemia in rabbits 

During the first experiment on rabbits no ab- 
normal excretion of blood pigments was observed 
Occasional (8) estimates of methaemoglobin by 
Zeiss pocket spectroscope were negative Although 
the unne was darker in colour than usual no ab- 
normal urobilm excretion was observed Soon 
after the admimstration of the drug there was a 
high colour index, but this shortly fell, and the 
anaemia became hypochromic in type Reduced 
haematopoiesis rather than abnormal degradation 
was suspected 

In a second experiment four adult rabbits, two " 
male and two female, of 2-2 5 kg weight, were 
fed for 25 days with a diet of bran, sugar-beet 
pulp, water, and 4 per cent of sulphetrone In 
addition to estimates of drug balance, daily esti- 
mates were made of reticulocytes, erythrocytes, 
haemoglobm, and urobilm ;^timates of total 
unnary porphynns excreted and of methaemo- 
globin were also made The observations are 
summarized m Fig 3 A slight though significant 
increase m urobilm occurs at once and is con- 
tinued throughout the experiment , rehculocytosis 
indicates an attempt to make good the deficiency 
of cells, but an mcrease in colour mdex shows this 
to fail This state corresponds to a slight but 
persistent haemolytic anaemia At this stage a 
precipitous anaemia with a raised colour mdex 
intervenes , this responds to iron, peroral or paren- 
teral, but only to a limited degree 

Absorption of the iron salt of sulphetrone 

The fact that iron by mouth stimulated haemato- 
poiesis suggested a direct mterference by sulphe- 
trone with iron metabohsm The iron salt was 
prepared by Mr W H Gray of the Wellcome 
Laboratones for Research m Tropical Medicme, 
and Its absorption after oral doses was compared 
with sulphetrone Given orally the iron complex 
IS completely unabsorbed , parenterally it is dis- 
tributed like sulphetrone This finding taken with 


the evidence of haematopoiesis after oral iron 
(Fig 3) indicates that sulphetrone combmes with 
alimentary iron and prevents its 'absorption 

Modification of intestinal flora by sulphetrone 

At this stage, as a result of comparahve tests with 
mice (Brownlee and Tonkm, 1941) the marked 
ability of sulphetrone to modify the intestmal flora 
was appreciated The extent to which many 
animals, and particularly ruminants, rely on bio- 
synthesis for growth factors, some of which are 
vitamins, suggested a third expenment with the 
same diet but contammg 10 per cent of dried yeast 
Four adult rabbits, male and female, weighing 2 5- 
3 5 kg were kept m metabolism cages for 39 
days oh the modified diet contammg 10 per cent 
dned yeast The drug balance figures were essen- 
tially similar to those of the first expenment The 
animals mamtained good condition and put on 
weight , at autopsy on the 45th day, no gross 
changes were seen m any of them Histology of 
spleen, kidney, and red bone-marrow showed a 
normal picture Shght cloudy swelhng of some- 
peripheral liver cells was the only abnormality ob- 
served The results of blood examination (Fig 4) 
justify the conclusion that the gross anaeihia pre- 
viously observed arose directly from a lack of an" 
essential metabohte previously furmshed largely 
by biosynthesis which was prevented by un- 
absorbed sulphetrone residues and was now fur- 
mshed by dried yeast When this form of anaemia 
IS excluded hypochromic anaemia attnbutable to 
iron lack is shll present On the third day after 
withdrawal of drug the residual haemolytic 
anaemia was made good 

Specific toxic effects 

It is known that sulphonamide drugs share with 
certam thioureas the property of causmg hyper- 
aemia and hyperplasia of the thyroid gland in 
some animals and m man, when they are admmis- 
tered at dose levels and for times similar to those 
in therapeutic use The hyperplasia is believed 

TABLE m - 


Goitrogenic effect of drugs fed to groups of five litter- 
mate rats as 1 per cent of the diet, for 17 days 


Groups 

Ave 

bo 

weig 

Initial 

rage 
dy 
ht, g 
Final 

Devia- 

tion 

iveight 

per 

cent 

Thyroid 

hyper 

aemla 

Thyroid 

weights 

mg 

per 

100 g 

Control 

Sulphetrone 

Sulpbadiazine 

Sulphaguanidlne 

47 2 
46 7 

48 0 
66 0 

97 6 j 

92 0 
88 0 

93 8 

103 

100 6 
83 

70 

+ 

+ + 

10 1 

13 6 

17 0 

20 I 
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Fig 3 — ^Typical response of a rabbit (335 to a 4 per cent sulphetrone diet Hb is the haemoglobin 

estimate (Haldane) , E, red blood cells m millions per cu mm , R, reticulocytes in per cent 
of red blood cells, U, spectrometnc estimates of urobilin (Watson, 1936) m times normal 
At each arrow, 10 rag of iron was given by mouth, m the form of iron ammonium chelidamate 



Fig 4 — ^Typical response of a rabbit (336.5) to a 4 per cent sulphetrone diet, but con- 
taining in adition 10 per cent of dn^ yeast Hb, is the haemoglobin estimate 
(Haldane) , E, red blood cells in millions per cu mm , R, reticulocytes in per cent of 
red blood cells, U, imobilin by spectrometnc estimates of urobilin (Watson, 1936) 
in times normal At each single arrow, 10 mg of-iron, in the form of iron ammomum 
chelidamate was given by mouth At the double arrow drug was withdrawn 


(Astwood, Sullivan, Bissell, and Tyslowitz, 1943) 
to result from a hypothyroidism produced by 
failure to synthesize thyroid hormone The goitro- 
genic activity decreases from sulphadiazine, sulpha- 
pyridme, sulphathiazole, sulphaguamdme, sulpha- 
nilylurea, sulphamlamide to sulphasuxidine 
(MacKenzie and MacKenzie, 1943) 


Sulphetrone was tested for this specific toxic 
effect together with sulphadiazine and sulpha- 
guamdine in litter-mate groups of five immature 
female rats of Wistar stram fed on a powdered 
diet containing I per cent of the drugs for a penod 
of 17 days The thyroids were removed, weighed, 
and studied histologically The results summarized 
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in Table IH show a decrease in goitrogenic activity 
from sulphaguanidine and sulphadiazme to sulphe- 
trone, which shows a slight toxic effect 

Effect o;i normal growth of rats 
The effect of feeding a synthetic diet containing 
1 per cent of sulphetrone and 0 01 per cent of iron 
to htter-mate groups of rats for 78 days is sum- 
manzed in Table IV Both the female group and 

TABLE rv 

The effect on the growth-rate, and thyroid weights, of 
a 1 per cent sulphetrone diet fed to two htter-mate 
groups male and female, of rats, for 78 days Male 
and female control groups are included 


Rats 

Litter mate 
groups of 
eight 

Average weight 
m g 

ThjToid weights 
mg per 100 g 
■mean ± S D 

Imtial 

After 

7S dars 

Drug 1% J 

34.0 

ISO 0 

9 2 ± 0 8 

Controls 3 

33 9 

192 1 

8 9 ± 0 7 

Drug 1% ? 

30 9 

13S0 

11 fi i 1 1 

Controls $ 

32 S 

<149 1 

9 9 ± 0 8 


the male group were retarded m growth for the 
first tw o weeks, but thereafter mcreased in weight 
by normal mcrements so that graphs of the growth- 
rates followed parallel courses The w'eight m- 
creases of the th\Toid glands are not significant m 
companson with those produced by treatment with 
sulphonamides 

Effect on alkali resen e 

The e\ndence of acute and chronic toMcitv 
together with the spectrometnc evidence of the ' 
difference between the dye-coupled products of 
sulphetrone and of diammodiphenylsulphone 
shows that sulphetrone is not hydrolysed to di- 
aminodiphemlsulphone in the body Smce large 
amounts of the drug pass through the blood stream 
the probable effects of hydrolysis of one or more 
of the sodium sulphonate radicles on the alkah 
reserve were imestigated The results, w'hich were 
unexpected are discussed later 

Groups of adult rabbits of mixed sex w'ere main- 
tained on a diet of bran and oats contaming 
50 per cent of water for one w’eek to stabilize 
their metabohsm, and w'ere then given a single oral 
or parenteral dose of 1 g sulphetrone per kg as a 
50 per cent (w /\) solution At intervals blood was 
withdrawn from the heart into an oxalated synnge, 
immediatelv centrifuged under paraffin, and the 
CO. capacity determined bv the volumetnc method 
of Van Slyke The results (Table V) show a nse m 


TABLE V 

Plasma COj — combining capaaty, m volumes per cent, 
after oral and mtrapentoneal doses of 1 g per kg 
sulphetrone m rabbits 


Rabbit 

o 

p 

capacitj of plasma (v'ols 
after 

%) 

Mean 
blood 
concen- 
tration 
mg per 
100 c c 
± SD 

Ohr 

Ihr 

21ir 

4 hr 

6hr 

24 hr 

1 mtrapen- 








toneal 

32 9 

39 6 

46 4 

62 1 

44 3 



76 ± 26 

2 mtrapen 








toneal 

32 0 

40 6 

42 6 

42 6 

47 4 

41 3 

40 ± 32 

3 intiapen- 








toneal 

40 6 

39 0 

36 0 

40 3 

40 6 



— 

4 oral 

40 6 

39 0 

36 0 

40 3 

40 6 

— 

60 ± 6 

6 oral 

38 1 

41 0 

47 0 

48 6 

40 3 

— 

2 5 ± 1 


the alkah reserve after an oral dose of sulphetrone 
in one of two expenments, and after an intra- 
pentoneal mjechon m two of three expenments 
The effect of parenterally administered drug is 
the same in the dog (Table VI) and it is interesting 

TABLE VI 

Plasma COj — combining capacity, ,in volumes per cent, 
after parenteral sulphetrone or sodium bicarbonate in 
dogs , 


j 







Mean 


O 

P 

capacitv of plasma (vols, %) 
after 

blood 

concen- 

tration 

Dog 







mg per 


0 hr j 

Ihr 

1 

2hr 

4 hr 

6 hr 

24 hr 

100 C.C 
± S D 

A Sulphe 








trone 








Sg/LglP 

B Sulphe 

63 1 

— i 

66 7 

67 1 

67 1 

67 3 

17 7±12 

trone 

Ig At 1 V 

64 6 

62 0 

68 5 

62 6 

61 6 

66 0 

8 6±4 

C Sulphe 








trone 








Ig /Kg I V 
D Sodium bi 

43 6 

46 6 

49 0 

61 0 

62 0 

; — 

22 0±16 

carbonate 








94 mg /Kg 

I V 

40 9 

48 9 

60 4 

48 1 



_ 

E Sodium bi 








carbonate 








188 mg /Kg 

I V 

43 6 

66 1 

62 0 

63 6 

61 7 

— 

- 


that the effect of 1 g sulphetrone per kg is 
approximately matched by 94 mg sodium bicar- 
bonate per kg injected intravenously This equiva- 
lence corresponds to the sodium of one of the four 
sodium sulphonate radicals being set free as sodium 
hydroxide Dogs injected mtravenously with this 
dose of sodium bicarbonate are subdued and 
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lethargic for about 30 minutes but sho\s no other 
signs of toMcitj . 

The alkali resen e after repeated doses of sidphe- 
trone 

For the purpose of a “chrome” test a total 
daily dose of 0^ g sulphetrone per kg was gn en 
orall\ m 2 portions as a 5 per cent (w/v) solution 
Five adult rabbits fed on a diet of bran, sugar-beet 
pulp, and water were di%nded mto groups, one of 
which received drug and the other water for a 
penod of 7 days Eighteen hours after the last 
treatment the COj capacitj of the plasma w as esti- 
mated. Treatment was now resumed so that rab- 
bits which had been gi\en water now received 
sulphetrone and vice versa The plasma COj 
capacitv , together with the blood concentrations of 
sulphetrone at the end of four w eekly penods, are 
given m Table VII, which shows that when re- 
peated doses are given from daj to day equihbnum 
IS achieved 

TABLE Vn 


The CO. capaatv of the plasma of rabbits, as v olumes 
per cenC after repeated doses of sulphetrone m a 
1 ‘ cross-over ” test 



CO. capacstv of plasma as 

1 volumes per cent after 

Blood 

Rabbits 

Water 

1 5 C.C /kg 

j -imee daily 

1 Sulphetrone 
' 5 c c. of 5% 

[ tvnee dadv 

concentrations 
of drug, mg 
per 100 c c 

4 

1 55 0 

1 33 0 

10 7 

5 

1 2S 5 

1 44.5 

6 0 

6 

; 46 0 

f 460 

SO 

T 

, 47 0 

35 0 

8 S 

s 

41 6 

59 0 

9 0 

O 

46 0 

51 0 

5^ 

10 

’ 37 0 

1 39 5 

S 8 

11 

, 500 


— 

12 

53 0 

1 51 5 

3 0 

13 

49 5 

41 0 

90 

Jlean j 

value 
= SD 

43 3 - S 1 

1 

, 44.7 - S 4 

7 6 = 25 


Absorption anti Excretion’ 

WTien sulphetrone m solution wras given bv 
mouth to groups of rmce the blood concentration- 
tune curves were about the same for large and 
small doses Tvpical results are given m Fig 5, 
curves for mtravenous and mtrapentoneal mjec- 
tions bemg also mcluded , curves for oral doses 
of diaminodiphen} Isulphone and sulphanilamide 
are mcluded for comparison 

A closer relation between large and small doses 
is seen m dogs after smgle doses given oraUv 



W) 

E 


Fig 5 — ^Blood concentration-time curves after 
sulphetrone, diaminodiphenylsulphone and 
suIphanDairude Each curve is the mean of 
determinations on five fasUng mice A, 
sulphetrone, 0 1 g-'kg b> mouth B, same, 

0 5 g./kg C, same, 1 0 g /kg D, same, 

0 1 g-/kg. as 40 percent solution intravenousl> 

E, same, 0 1 g.,T:g as 40 per cent solution 
mtrapentoneally F, dimnmodiphenjlsul- 
phone, 0 I g./kg. suspended m acacia by 
mouth. G, same, 0 25 g./kg H, sulphanila- 
mide, 0 1 g-'kg suspended in acacia by mouth. 

Blood and unne concentrations after mtravenous 
doses are also mcluded m Table VIII- 

The total quantity excreted m the urme is given 
m per cent of the amount admmistered It is m- 
terestmg that although drug given mtrav enously 
IS cleared from the blood stream rapidly and 
excreted almost completely m the urme m 24 hours, 
only 75 per cent of an oral dose is excreted m the 
same time Evidence is given later that poor ab- 
sorption from the bowel, and m particular from the 
large mtestme, may account for the remamder 
Blood concentration-time curves obtained m a 
dog after an oral dose and after the same dose 
given m three divided portions at three-hourly m- 
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TABLE Vm - 

ABSORPTION AND EXCRETION OF SULPHETRONE IN DOGS 


Dog 

Dose 

g/ 

kg 

Blood concentrations, in mg pier 100 
blood, at hours 

1 c c 

Excreted in pier cent of 
total dose at hours 

025 

1 

2 

3 

n 


24 



6 

24 

Temer 1 

01 

1 4 

28 

4 1 

3 8 

28 

1 2 

01 


50 1 

62 7 

76 0 


02 

09 

3 3 

— 

32 

1 6 

1 4 

03 

19 4 

39 2 

49 6 

67 4 


05 

1 8 

70 

72 

45 

42 

22 

00 

23 2 

298 

644 

71 2 


1 0 

1 6 

72 

94 

72 

52 

4 1 

02 

24 3 

49 7 

59 4 

73 9 

Greyhound 2 

02 

04 

28 

46^ 

45 

39 

27 

0 1 

19 8 

37 4 

49 2 

67 8 


05 

02 

62 

63 

48 

4 1 

1 2 

02 

18 2 

39 4 

62 4 

78 4 

Mongrel 3 

05 

1 0 

42 

39 

26 

1 9 

2 1 

04 

172 

28 4 

42 6 

66 4 


1 0 

02 

■B 

49 

62 

53 

40 

02 

24 6 

33 2 

47 6 

75 2 

Terner I * 

01 

12 1 

HI 

3 2 

1 8 

1 4 

1 0 

06 

69 7 

69 9 

82 6 

98 6 

- 

02 

20 5 


45 

34 

24 

1 8 

08 

642 

68 4 

78 4 

96 4 


• Intravenously 


tervals (Fig 6), suggested that absorption took place 
high in the ahmentary tract An experiment in 
which the drug was mjected first mto the large 
and then into the small mtestine supports the view 
that absorption is largely confined to the small 
mtestme (Fig 7) 

Renal clearance in the rabbit 

The essential prelimmary to a study of the 
elimination of sulphetrone from the body is a 
knowledge of its mode of excretion by the kidney 
In a study in the dog, Marshall, Kendall, and Cut- 
ting (1937) found the clearance of sulphanilamide 
to be 20 to 30 per cent of a simultaneously deter- 
mined creatinine clearance In an experiment m 
which a group of three rabbits was used the clear- 
ance of sulphetrone was 58 per cent that of 
creatinine, or two to three times as fast as sulph- 



Fig 6 — ^Blood concentration-time curves in a 
dog after sulphetrone by mouth S, a single 
dose of 0 2 g per kg in 60 per cent solution 
at first arrow D, a divided dose of 0 1 g 
pier kg given at each arrow 


amlamide The result was the same whether the 
plasma concentration of the drug was produced 
by prolonged admmistration for 40 days or by a 
single dose A typical estimate based on smgle 
doses is shown m Table IX Each ratio is a medh 
of SIX periods of one experiment, thus Rabbit X, 
0 62 , Y, 0 63 , and Z, 0 5 , giving a grand mean of 
0 58 

Renal clearance in the dog 

Renal clearance for the dog has been calculated 
from data, some of which are given in the last 



Fig 7 — ^Blood concentration-tune curves 
showing absorption from large and small 
intestmes Dog anaesthetized with pento- 
barbitone-sodium Tube passed through 
oesophagus and pylorus into duodenum, 
and pylorus tied, a second tube passed 
throu^ anus into the desccndmg colon, 
the tube being tied at the anus to prevent 
leakage and the ileocaecal junction tied 
Sulphetrone 0 I g per kg in 40 pier cent 
solution mtroduced by the oral tube and 
washed out after two hours , 0 1 g per 
kg then introduced mto the duodenum 
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TABLE IX 


SULPHETRONE AND CREATININE CLEARANCE IN THE RABBIT 

The rabbit weighed 2 2 kg and received 1 g of creatinine and 3 g of sulphetrone dissolved m 25 c c of 
water This quantity represented the third of three volumes of water given at 20 minute intervals 





Creatinine 

Sulphetrone 

Clearance C x A 




T Tnrjp: 

mg /lOO c c 

mg /lOO c c 


B 

Ratio 



A 

B 

C 

B 

C 

Units per mm 

Sulphetrone 



c c /min 

plasma 

urme 

plasma 

urme 

Creatmine 

Sulphetrone 

Creatmme 

1 

27 1 


92 

350 

4 1 

102 0 

2 15 

1 4 


2 

37 


11 6 

133 

7 5 

56 6 

4 45 

2 94 


3 

30 


12 0 

160 

8 5 

59 2 

3 35 

175 


4 

23 

0 83 

11 2 

265 

89 

46 7 

19 5 

43 

022 

5 

60 

034 

101 

240 

40 

171 5 

82 

644 


6 

60 

0 37 

83 

270 

89 

232 4 

11 5 

96 



experiment m Table VIII Six determinations gave 
a mean clearance ±SD of 85 2±14 3 units , six 
sulphandamide clearances on the same ammal 
gave a mean clearance ±SD ofl79±31 units 
Accepting creatmine clearance as a rate of glomer- 
ular filtration it seems that some 40 per cent of 
sulphetrone is resorbed in the passage of glomer- 
ular filtrate along the tubules in the rabbit, while 
m the dog the quantity resorbed is very slight 

Distribution of sulphetrone in tissue 

The penetration of sulphetrone into the tissues, 
with the exception of brain and cerebrospinal 
fluid, IS rapid and complete The distribution and 
concentration is the same whether the drug is given 

TABLE X 

The penetration of sulphetrone into vanous tissues in 
the rabbit and the dog, expressed as mg per 100 c c 
of fluid and mg per 100 g of tissue 


Tissue 

Rabbit 
( 2 kg ) 1% 
sulphe- 
trone m 
diet 10 
weeks 

Rabbit 
( 1 76 kg) 
100 mg 
sulphe- 
trone per 
kg mtra- 
venously 
Estimates 
at 2 hrs 

''Dog 
(12 kg) 
lOO mg 
sulphe- 
trone per 
kg mtra- 
venously 
Estimates 
at 2 hrs 

Blood 

3 3 

3 8 

4 1 

Plasma 

63 

7 4 

6 7 

Corpuscles 

0 8 

1 2 

1 1 

C sternal fluid 

1 1 

0 4 

1 6 

Bile 

SO 0 

92 0 

79 0 

Liver 

14 0 

12 9 

11 6 

Kidney 

13 1 

16 3 

20 4 

Spleen 

7 1 

62 

9 a 

Lung 

4 8 

4.1 

6 2 

Bone-marrow 

3 1 

2 4 

0 8 

Striated muscle of thigh 

1 6 

2 0 

6 3 

Heum, empt\ 

8 6 

1 6 

4 6 

erebral hemispheres 

0 9 

0 6 

1 9 

Vitreous hmnour 

0 8 

0 7 

04 

Tat 

0 9 

1 1 

1 2 


m the diet for prolonged penods or acutely by one 
intravenous dose (Table X) 

The similar tissue concentrations m animals re- 
ceiving drug by one intravenous dose, and in the 
diet for 10 weeks, pomt to the importance of renal 
clearance as one major controllmg factor In this 
connection the low concentration m plasma com- 
pared with liver and kidney, but not bone-marrow 
or lung, indicates that the liver also is functioning 
as an organ of concentration and excretion The 
high concentration m bile supports this view That 
neither the rate of excretion nor the route are the 
sole controllmg factors may be deduced from 
Table XI, where the distribution m the tissues of 
the nephrectomized rabbit is given In spite of 
striking increases in the plasma concentration 

TABLE XI 

I 

The distribution of sulphetrone in the tissues of the 
ncphrectomi 2 ;ed rabbit at 2 hours after 100 mg per 
kg intravenously Kidneys were removed under 
pentobarbitone-sodium 30 mg per kg 


Tissue 

Rabbit 
( 1 66 kg ) 
mg /lOO g 
or c c 

Rabbit 
(1 60 kg ) 
mg /lOO g 
or c c 

Rabbit 
( 1 70 kg) 
mg /lOO g 
or c c 

I Honr 

Blood 

20 6 

22 9 

19 5 

Plasma 

42 6 

63 8 

36 6 

Corpuscles 

2 Hours 

Blood 

— 

12 4 

6 6 

30 8 


21 2 

Plasma 

39 2 

43 0 

36 0 

Corpuscles i 

1 

6 2 

4 6 

Cisternal flmd 

1 3 

trace 

trace 

Bile 

136 0 

— 

170 0 

Larer 

10 3 

16 0 

11 9 

Spleen 

6 6 

7 6 

8 1 

Limg 

11 8 

18 6 

13 8 

Bone-marrow femur 

1 11 0 

12 5 

8 1 

Striated muscle of thigh 

44 

3 0 

2 0 

Ileum, empti 

8 8 

11 1 

8 5 

Cerebral hemispheres 

1 8 

1 2 

0 9 

\ itreous humour 

1 3 

— 

— 
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(about five times) little change is refiected m the 
concentrations m the viscera Bfiiary excretion is 
significantly high and concentration of drug in the 
deum mdicates that this, too, is an organ of 
excretion 

Other pharmacological properties 

Exaimned by the usual pharmacological 
methods, sulphetrone is mert Thus, a solution 
of 1 m 1,000 has no action on the isolated guinea- 
pig uterus or on the rabbit intestine in vitro at 
37 5° C, or on the frog heart perfused through 
the vena cava A cat anaesthetized with pheno- 
barbitone-sodium (30 mg per kg ) and given 0 2 g 
sulphetrone per kg intravenously showed no 
demonstrable effect on blood pressure, heart rate, 
respiratory frequency, or volume 

Experimental Therapy 
Antibacterial activity 

Our procedure for measurmg antibacterial 
activity of sulphonamide-type compounds in vitro 
consists of observmg the effect of exposmg constant 
inocula of selected pathogens to successive dilutions 
of known concentrations of test and standard drug 
m media contammg 10 per cent of blood Results 
of tests to determine the lumting mhibitory con- 

TABLE Xn 

The hmiting inhibitory concentrations of diamino- 
diphenylsulphone, sulphetrone, and promin against 
different organisms in vitro 


Organisms 

Diatnmo 

diphenyl 

sulphone 

Sulphe 

trone 

Promm 

Sir pyogenes 

CN 

10 

2-0 

2-1 


D pneumoniae 

CN 

33 

2-< 

2-1 


S aureui 

CN 

491 

2-5 

2-1 


S saltvanus 

CN 

30 

2-s 

2-1 


It II 

CN 

109 

2-11 

2-0 


tt iJ 

E tvphosa 

CN 

13 

2-» 

2-0 


CN 

612 

2-* 

2-1 


Sh sonnei 

CN 

188 

2-» 

2-0 


Sh dysenteriae 

CN 

191 

2-* 

2-0 


Sh paradysenteriae CN 

186 

2-0 

2-0 


E coll 

GN 

160 

2-0 

2-0 


V comma 

CN 

249 

2-0 

2-0 


Cl perfnngens 

CN 

1491 

2-0 

2-* 


Cl sepUcum 

CN 

368 

2-» 

2-’ 


Cl novyi 

CN 

736 

2-* 

2-1 


M avium 

CN 

281 

2-1 

2-0 

2-5 


CN 

280 

2-0 

2-5 

2-5 

M tuberculosis var hominis 1 




CN 

844 

1 

2-0 

2-5 

2-5 

CN 

271 'H37) 

2-0 

2-5 

2-5 

CN 

1877 

- 

2-0 

2-5 


CN 

1878 


2-0 - 

2-5 

2-5 

M tuberculosis \ ar bovis 





CN 

868 

2-0 

2-5 

2-5 


CN 

868 

2-« 

2-5 

2-5 


' - I 

centrations of sulphetrone, promm, and diammo- 
diphenylsulphone m Wnght’s broth cbntaimng 10 
per cent of blood against Gram-positive and Gram- 
negative organisms, and m Long’s medium con- 
^ taimng 10 per cent of blood agamst M avium and 
M tuberculosis var homims and var bovis, are 
summanzed in Table XII Initial drug concen- 
trations of 2 0 g per htre were made and diluted 
out m the medium to obtain a series of drug con- 
centrations which decreased by multiples of two 
Drug solutions in the test medium were autoclaved, 
mixed with blood, and moculated with 0^ c c of 
a suitably diluted culture Size of moculum and 
conditions of test were such as to demonstrate anti- 
bactenal activity under conditions which permitted 
turbid growth m the control tubes m less than 24 
hours Initial bacterial viable counts m test mix- 
tures were made by roll-tube counts 

Reversal by p-aminobenzoic acid 

Titrations m a semi-synthetic remforced gelatme- 
hydrolysate medium contammg added cystme and 
tryptophane, together with the essential growth 
factors, and moculated with 1^00 viable organisms 
of S pyogenes N 10, enabled the concentration 
of p-ammobenzoic acid which just reversed the 
antibactenal action of sulphetrone to be found 
The figure for eight estimates, denved from tenfold 
dilutions of p-ammobenzoic acid from 10 ® to 10 
was 1 5,000 ±500 

Streptococcus and pneumococcus mouse infections 

The chemotherapeutic activity of sulphetrone in 
mice agamst a /3-haemolytic streptococcus infection 
(CN 10) and agamst a Type 1 pneumococcus in- 
fection (CN 33) was assessed m a survival test 
-experiment m which groups of 30 mice receiving 
a diet contammg 2 per cent of sulphetrone or of 
other sulphonamides were moculated with a num- 
ber of lethal doses of the test organisms Drug 
diet mtakes and blood concentrations were 
measured at 14 days after infection, at which time 
treatment was termmated Deaths were recorded 
daily and the cause of death ascertamed by blood 
culture , “survivors were observed for a further 
seven days The data from these expenments are 
recorded in Table XIII for the streptococcus- test 
in which sulphanilamide was used for companson 
Sulphetrone is as good an antistreptococcal drug 
as sulphanilamide and m terms of a theraneutir 
factor F, obtamed by dividing the mean free drug 
concentration m blood by the mean drug mtake, 
it IS more efficient Rather surpnsmgly, m view of 
the efficiency of diammodiphenylsulphone, sulphe 
trone has no antipneumococcal activity 


PHARMACOLOGY OF SULPHETRONE 


25 


TABLE Xm 

Three groups of 30 mice infected with 2 lethal doses 
(LDIOO) of Streptococcus pyogenes CN 10 All con- 
trols were dead withm 48 hours and the survivors are 
shown after 21 days’ treatment with 2 per cent drugs 
m the diet When the factor F, derived from groups 
of 25 mice on the 14th day, is considered, sulphetrone 
IS the more efficient 


Drug 

2% m diet 

Survi- 

vors 

Mean 

drug 

intake 

mg 

Mean 
free drug 
Blood 
cone ih ^ 
mg per 
100 c c 

F = 

blood cone 
drug intake 

Sulphetrone 

26/30 

60 2 i 9 6 

11 4 ± 3 4 

0 161 ± 0 031 

Sulphanil 

amide 

27/30 

64 6±3 8 

18 4 ± 4 2 

0 336 ±0 067 


In vivo-in vitro antituberculous test 

Before proceedmg to a full-scale gumea-pig 
protection trial it is our custom to exact the follow- 
ing minimum therapeutic requirement from a 
potential antituberculous drug Guinea-pigs of 
550-600 g are injected intrapentoneally with 2 g 
of the substance suspended in 10 per cent gum 
acacia and, after two hours or before if symptoms 
of acute toxicity are seen, they are anaesthetized, 
the thorax is opened and they are bled aseptically 
from the heart by Pasteur pipette By drawmg 
the specimen while the heart still beats, no diffi- 
culty IS experienced in obtaining more than 3 c c 
of blood, which is stored in a sterile citrated bottle 
The blood is diluted m serial mcrements with 
equal volumes of 0 5 c c of Long’s agar contamed 
in previously sterilized and stoppered Lambeth 
tubes The tubes are sloped in the usual fashion 
and sown with 0 01 c c of a uniform suspension 
of M tuberculosis contaimng 0 5 mg per c c The 
tubes are incubated at 37 5° C and mspected at 
intervals , the inhibition of growth is compared 
with the inhibition produced by diaminodiphenyl- 
sulphone tested in the same way at the same time 
Avian strains are read at six days, and bovine and 
human strams at 21 days A companson of 
sulphetrone and diaminodiphenylsulphone is given 
in Table XIV 


Discussion 

The preparation in these laboratories of diamino- 
diphenylsulphqne and its characterization as a 
potent antibactenal and chemotherapeutic agent 
resulted in many attempts here and elsewhere to 
discover an equally potent but less toxic derivative 
With the knowledge of its chemotherapeutic anti- 
tuberculous effect the search was intensified Sul- 
phetrone was described in 1938 (Buttle et al , 1938), 


TABLE XIV 

Minimum effective drug blood concentrations m mg 
per 100 cc biood (from serially diluted blood of a 
guinea-pig given drug parenterally) which just mhibit 
strains of mycobactena 


Concentration of drug m guinea pig 
blood mg per 100 c c 


Diatnmo- 

diphenyl- Sulphe- 
sidphone trone 


M 

amum 

CN 

281 

M 

avium 

CN 

280 

M 

tuberculosis var bovis 

CN 

868 

y* 

if yj it 

CN 

868 

M 

tuberculosis var hommis CN 

844 


„CN 271 (H37)i 
„ CN 1877 


0 14 
0 14 

75 
19 

76 
19 
19 
76 


0 22 
0 22 
110 

65 
110 

66 
110 
110 


when Its chemotherapeutic antistreptococcal effect 
was appreciated, but it was not until 1941 that its 
chemotherapeutic antituberculous action was first 
realized While sulphetrone was still under test, 
preliminary reports of promm (Feldman, Hmshaw, 
and Moses, 1941), the first diaminodiphenyl- 
sulphone derivative to be used in man for the 
treatment of tuberculosis, appeared This drug, 
and the derivatives which have appeared since, 
diasone and promizole, are very toxic drugs when 
administered orally and may be given only for 
short mtermittent periods The fact that sulphe- 
trone proved to be so relatively non-toxic, coupled 
with the hopes that clmical tnals of this kind have 
always engendered, led us to the conclusion that 
all publication should be suspended until a mature 
appreciation could be given , with the pubhcation 
of chnical reports this can now be done 
The antibacterial activity of sulphetrone ap- 
proaches closely that of its parent substance, di- 
aminodiphenylsulphone, and suggests that it may 
prove equally effective in the treatment of experi- 
mental tuberculosis m the laboratory animal 
The acute toxicity of sulphetrone when given by 
mouth IS so slight that it cannot with certainty be 
determined, but the studies are complicated by the 
soluble nature of the drug which necessitated the 
administration of grossly hypertonic solutions On 
the basis of blood concentrations sulphetrone 
would seem to be many times less acutely toxic 
than sulphanilamide This is m marked contrast 
to the studies on acute toxicity undertaken with 
promin, diasone, and promizole 

The fact that sulphetrone is not acetylated, or 
conjugated in any other way, throws an interesting 
light on this lack of toxicity The implication of 
this finding is that the drug is not hydrolysed lo 
diammodiphenylsulphone, an inference which is 
implicit m the lack of acute toxic symptoms ob- 
served in the dog with a very high blood level of 
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sulphetrone Since m its suggested use, the prob- 
lem of dosage is to mamtam an effective consistent 
level m blood and other tissue for very long penods 
of tune, we have been mterested m the chrome 
toxicity of long-mamtamed blood levels 

Chronic toxicity experiments mdicate that very 
large doses can be given by mouth to mice and 
dogs without produemg symptoms or pathological 
changes in the tissue With similar doses m rab- 
bits, very mterestmg haematological changes are 
seen First, there is a small but continuous 
haemolytic anaemia which is marked by a con- 
current reticulocytosis Secondly there is a pro- 
gressive hypochromic anaemia of iron-lack This 
anaemia is due to competition for ahmentary iron 
by sulphetrone which forms an msoluble iron salt, 
which IS not absorbed It may be prevented or 
cured by the administration of iron, parenterally 
or orally 

The third anaemia which is seen is slower to 
appear but is then precipitous , it is of nutntional 
origin and may be prevented or cured by the ad- 
ministration of dned yeasL Its probable cause 
IS the limitation and alteration of the bactenal 
flora of the gut by the concentration of sulphetrone 
which IS present 

A specific toxic effect which sulphetrone shares 
with all sulphonarmdes is the property of Causing 
hyperaemia and hyperplasia of the thyroid gland 
after courses of treatment similar to those in thera- 
peutic use The hyperplasia is believed to result 
from hypothyroidism owmg to failure to synthe- 
size thyroid hormone 

Expenments in groups of rats mamtained on a 
diet containing 1 per cent of the drugs for 17 days 
showed sulphetrone to be the least, and sulpha- 
guanidme the most, toxic, while sulphadiazine was 
intermediate in this respect 

In a further study of chronic toxicity, it was ob- 
served that 1 per cent concentrations of drug in the 
diet of groups of rats retarded normal growth for 
an initial period of 14 days, but thereafter m- 
creases in weight followed the curve of normal 
mcrements durmg a 78-day penod of observation 
After this long penod of treatment, the mcreases 
in the weight of the thyroids were not significantly 
greater than those m the control groups 

The lack of acute toxicity and the low chronic 
toxicity, with complete freedom from the toxic 
sequelae seen after administration of diammodi- 
phenylsulphone, make it clear that sulphetrone is 
not degraded to diammodiphenylsulphone m the 
body However, the possible hydrolysis of one or 
more of the four sulphonated side chains could not 
be overlooked and alkali reserve expenments were 


made to study this point Simple hydrolysis result- 
ing m the liberation of one or more molecules of 
sodium acid sulphate seemed the most hkely event 
Expenments m rabbits receiving oral and paren- 
teral sulphetrone and experiments in dogs with the' 
drug admimstered parenterally showed, however, 
that alkah was liberated m the blood stream, result- 
mg m consistent mcreases in alkah reserve Com- 
parison with parenteral sodium bicarbonate makes 
it possible to say that the increase corresponds to 
one molecule of sodium hydroxide bemg hberated 
from each molecule of sulphetrone A theoretical 
equation, mvolvmg the mtervention of one mole- 
cule of water for the condensation of two mole- 
cules of sulphetrone through an — SOi-O-SOi- 
Iinkage with the hberation of two molecules of 
sodium hydroxide, may be proposed 2R SOjNa + 
HjO^R SOjOSOaR-l-2NaOH Experimental evi- 
dence m man points to the existence of a complex 
condensation product of this kmd When chrome 
tests were made on groups of rabbits on a “ cross- 
over test ” basis, no sigmficant mcreases m alkah 
reserve were recorded eighteen hours after the last 
dose, at which time the average blood levels were 
7 0 mg per 100 cc It seems that under these 
conditions the normal animal is able to re-establish 
an equilibnum m its plasma alkali balance 
Reviewmg all the evidence of toxicity in the ex- 
periments described, it seems safe to say that when 
given by mouth not only is sulphetrone the least 
toxic of the sulphones, but it is also less toxic than 
any of the sulphonamide drugs 
Experiments m mice and dogs in which single 
small or large doses are given show that after a 
certam point is xeached large increases in dose do 
not result in either a higher blood concentration 
or increased absorption This is not an unusual 
findmg with sulphonamide drugs, but it seems to 
occur with sulphetrone at a lower level of dosage 
The rabbit is anomalous m that mcrease m dosage 
increases the absorption and blood concentration 
of sulphetrone The same total amount of drug 
given in divided doses at intervals of a few hours 
results m a higher hlood concentration than when 
given as a single dose (dog) The explanation 
seems to be that this very soluble drug is slowly 
absorbed, and mainly from the small mtestine 
In addition, the rate of excretion of sulphetrone by 
the kidney is very fast In rabbits the clearance 
of sulphetrone was 58 per cent that of creatmine 
or two to three times as fast as sulphanilamide, 
while the clearance m the dog was five times as 
fast as sulphanilamide If creatmine clearance is 
accepted as a measure of the rate of glomerular 
filtration it seems that in the rabbit some 40 per 
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cent of sulphetrone is resorbed in the passage of 
glomerular filtrate along the tubules while in the 
dog the quantity resorbed is very shght Some part, 
therefore, of the higher blood concentrations 
found m the rabbit is contributed by slower 
clearance 

Sulphetrone penetrates all tissues with extreme 
rapidity, with the exception of bram, but it enters 
the cerebrospinal fluid rather more slowly than do 
other sulphonamides 

The tissues of animals receiving the drug mtra- 
venously show similar concentrations to those re- 
ceivmg the drug m the diet for 10 weeks In the 
normal animal concentration of drug in the liver, 
kidney, and spleen is always greater than m the 
plasma The relation between absorbed drug, 
drug m transport, and drug m kidney clearance 
does not appear to be a simple one, and there 
appears to be an additional factor hmitmg drug 
concentrations in tissue such as liver, spleen, and 
kidney The plasma levels in the nephrectomized 
rabbit make an interestmg comment on this ob- 
servation since they are many times the plasma 
level m the normal animal and many times the 
level m the other tissues In both normal and 
nephrectomized animals the concentrations in bile 
are very high , in the normal they are some 12 
times the plasma levels and may be considered as 
drug in transport, thus makmg a significant con- 
tribution to the clearance of the drug This view 
receives support from the fact of the slight de- 
crease in the plasma concentrations in the nephrec- 
tomized rabbits between the first and second 
hours , the average fall in plasma concentration is 
some 5 mg per 100 cc which, m a rabbit of 
1 7 kg , contaming by our records 200 c c of 
plasma, corresponds to a total in bile of 10 mg of 
sulphetrone The recorded bile flow of these anaes- 
thetized rabbits averages 10 c c per hour, which 
IS equivalent to a sulphetrone loss of 15 mg It 
may therefore be argued that m the nephrecto- 
mized animal sulphetrone reaches equilibrium 
withm one hour, and the subsequent fall m plasma 
concentration is due to biliary excretion and not 
to metabolic destruction 

Sulphetrone has no action on smooth muscle, 
heart, blood pressure, or respiration in concen- 
trations usual m pharmacological studies 

In considermg the data provided by the anti- 
bacterial activity of sulphetrone tn vitro little sig- 
nificance IS to be attached to the absolute values 
recorded for effective inhibitory concentrations 
On the other hand, the comparative values for di- 
aminodiphenylsulphone, sulphetrone, and promin 
are of high significance In the many comparisons 


of this kmd which have been made m these labora- 
tones the inhibitory concentrations of sulphetrone 
against mycobacterial strams have always been 
found to be lower than those observed with pro- 
mm, and this although, weight for weight, promin 
contams more diammodiphenylsulphone The im- 
phcation is that the potential cmnamylidene Imk- 
ages of sulphetrone contribute a significant anti- 
bactenal function No support for this claim can 
be derived from reversal experiments with para- 
aminobenzoic acid, which reverses the antibacterial 
rates of sulphetrone at a concentration of 1 5,000 
It IS surprising, in view of the known efficiency 
of diammodiphenylsulphone m pneumococcus m- 
fectipns in iruce, that sulphetrone is inactive , 
however, m streptococcus infections in mice, 
sulphetrone is more effective than sulphamlamide 
We have introduced the in vivo-in vitro anti- 
tuberculous test m order to bridge the gap in the 
difficult transition between antituberculous in vitro 
tests and animal protection experiments with strains 
of mycobacteria Whenever the drug can be esti- 
mated, and it is seldom that it cannot, either 
chemically or microbiologically, it is possible to 
express the inhibition of the organism in a quantita- 
tive fashion m terms of a standard such as di- 
ammodiphenylsulphone When the drug cannot 
be estimated, the method depends on assessmg the 
inhibition of the organisms produced by the quan- 
tity of drug existmg m the blood after a dose 
sufficient to produce toxic signs m the ammal, and 
therefore at an optimum level 
An assessment of the efficiency of sulphetrone 
m the treatment of experimental infections with 
strains of M tuberculosis m the guinea-pig is the 
subject of a separate communication A study has 
also been made of the toxicity of the drug when 
used m man Certam advantages and disadvan- 
tages of sulphetrone as a potential chemothera- 
peutic agent in man may be deduced from the 
present study Absorption is slow and excretion 
is so rapid that hmitation of fluids may be essen- 
tial to mamtain an adequate blood level How- 
ever, the fact that the drug is not acetylated means 
freedom from kidney complications and freedom 
from the toxic mamfestations associated with the 
use of diammodiphenylsulphone 

The record of clinical tnals concurrently appear- 
ing in the press should enable a preliminary assess- 
ment of the toxicity and therapeutic status of the 
drug to be made 

Summary 

1 The chemical and physical properties of 4 4'- 
bis(y-phenj’l-n-propvlamino) diphenylsulphone- 
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tetrasodium sulphonate, given the trade name of 
“ sulphetrone,” together with its absorptiometnc 
estimation m body fluids, are descnbed 

2 The acute toxicity of the drug has been mvesti- 
gated m mice and dogs and its chronic toxicity m 
rabbits 

3 A haemolytic anaemia, an anaemia of iron 
lack, and an anaemia of nutritional ongin ansmg 
in the course of chrome sulphetrone admimstrabon 
m rabbits have been mvestigated and the condiUons 
for their successful treatment mdicated 

4 The specific goitrogenic effect, shared by all 
sulphonamide drugs, has been mvestigated and 
shown to be of shght degree 

5 In acute experiments sulphetrone given orally 
or parenterally raises the alkah reserve -'of the 
plasma m the rabbit and the dog The probable 
mechanism is discussed When the drug is ad- 
mmistered over a period of time equihbna are 
estabhshed 

6 On the basis of these experiments, together 
with studies of the influence of the drug on nor- 
mal growth of rats, it is concluded that sulphetrone 
IS \irtually non-toxic in acute experiments, and 
has low toxicity m prolonged ones 

7 Although exceedingly soluble in water, 
sulphetrone is slowly absorbed from the intestmal 
tract , most from the small mtestme, little from 
the large 

8 The drug is not conjugated in the expenmental 
animal or m man 

9 Sulphetrone penetrates all tissues, with the 
exception of brain, very rapidly, and is present 
in them to about the same concentration as in 
blood It passes into the cerebrospinal fluid 
much more slowly than the simple sulphonamides 
do 

10 Sulphetrone has no action on smooth muscle, 
heart, blood pressure, or respuation 

11 Antibactenal in vitro studies, m the presence 
of blood, show sulphetrone to approach the 
efficiency of its parent substance diammodiphenyl- 
sulphone agamst two strains of M avium, two 


strains of M tuberculosis var bovis, and three 
strains of M tuberculosis var hominis 

12 The drug is rather more effective against 
fS-haemolytic streptococcus infection m mice than 
sulphamlamide, but, unlike the parent substance, 
diammodiphenylsulphone, it is meffective agamst 
a pneumococcus mfechon 

13 In an m vivo-in vitro test, blood from a 
gumea-pig previously given parenteral sulphetrone 
inhibits, in vitro, strams of virulent mycobactena 

14 The pharmacological properties of sulphe- 
trone suggest that it may prove effective m the 
treatment of experimental tuberculosis m the 
laboratory animal, and that its administration to 
man, m large doses for protracted penods, is a 
practical possibflity 

We wish to thank Mr C R Kennedy, Miss ? 
Wostear, and Mr B Kent for valuable technical 
assistance, and Dr E I Short for confirmatory evi- 
dence on alkah reserve experiments The many histo- 
logical preparations were due to Dr C R Oakley, 
who also gave valuable assistance with some aspects 
of the pathology The ultra-violet spectrometnc 
measurements were made by Dr G E Foster, and 
the visible measurements by Dr T S G Jones, to 
whom our thanks are due We are also grateful to 
Mr P A Charlwood for the electrophoresis measure- 
ments of sulphetrone 
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“ Sulphetrone ” is the registered name for 
bis(y-phenyl-7i-propylammo) - di - phenylsulphone- 
tetrasodium sulphonate, the pharmacology and 
chemotherapy of which have been recently 
reported (Brownlee, Green, and Woodbme, 1948) 
Sulphetrone has a low toxicity and an antituber- 
culous efficiency approachmg that of its parent 
compound, dianunodiphenylsulphone , it is also 
curative in infections due to /S-haemolytic strepto- 
cocci Moreover it satisfies the requirements of an 
m vivo- in vitro comparison with diaminodiphenyl- 
sulphone , the concentrations of these substances 
in gumea-pig blood after massive mtraperitoneal 
mjection? are capable of mhibiting the growth of 
virulent strams of Mycobacterium tuberculosis 
The present report is concerned with the treatment 
of experimental tuberculosis of both human and 
bovine types in the guinea-pig 

Methods and Materials 
Animal management 

In carrying out screening tests of chemotherapeuUc 
agents against M tuberculosis there are two essen- 
tials protection of staff from the nsks of infection, 
and prevention of mtercurrent infection m the animals 
under experiment , these can be achieved only by 
continuous and vigilant cleanliness on the part of a 
co-operative and dependable staff of helpers It is an 
advantage to adopt a rigid daily routine which is on 
record available to and approved by all concerned 
The animal room is 8 ft by 30 ft , with transom 
windows along the long side and with a smgle 
entrance set at the opposite end of the long side In 
order to assist ventilation it consists of a frame filled 
with fine copper gauze, with which the wmdows are 
also screen^ The door opens into a vesUbule 


•The de\elopment of sulphetrone is part of the proBramme of 
work on antituberculous compounds earned out by the Therapeutic 
Research (Corporation of Great Bntain Limited The product was 
made and will be issued bs the Wellcome Foundation Ltd 


‘ lock ” enclosed by frame-work and door of wire 
gauze This arrangement reduces the potenbal pass- 
age of all possible vectors and serves m addition to 
emphasize the “ isolation ” nature of the work Walls 
are of breeze-block and plywood, filled, and glossy 
enamelled, and the ceihng is of “cellotex,” and is 
similarly treated Switches, cable, and light fittmgs 
are waterproof The floor, of concrete, is treated 
with spmdle-oil at two-monthly mtervals, and is 
scrubbed weekly The whole is washed down at 
two-monthly intervals Temperature is held approxi- 
mately at 20° C and is controlled by hand-controlled 
steam-heated radiators and an extractor fan 

Guinea-pigs are housed six to a galvanized-wire 
cage fitUng m a sheet-metal tray The floor space per 
animal is 48 sq m The animals are identified by 
a combmation code of natural colounng and arti- 
ficially apphed dye White-enamelled metal hook- 
on labels have been found the most satisfactory after 
trials of many other types and of other devices Food 
containers of tin-plate are non-spill and consist of an 
annular moat of 8-m diameter with a central hollow 
projecting piUar to prevent soiling, and hold 250 g 
of dry diet Glazed non-spill water-pots holding 
120 c c of water, are refilled three times daily 
Absorbent litter is large wood shavings which 
scatter less than does sawdust Weights are re- 
corded weekly with a spnng-pan balance weighmg 
1,000±10 g Changmg to clean, previously auto- 
claved cages is done daily, except Sunday Soiled 
cages, together with feeding-troughs and water-pots, 
are steamed before cleaning, and for this and similar 
purposes a double-door autoclave connects the animal 
room to the cage-cleaning room 

Guinea-pigs 

In recent years guinea-pigs bred and reared on our 
own farm have been usecL This has created a further 
problem since these ammals, in addition to being much 
less prone to mtercurrent infection, arc more resistant 
to artificially induced tubercle infections than are the 
guinea-pigs of commerce 
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Diet 

The dry, finely ground diet is based on that of 
Coward (1937) adapted to guinea-pig requirements It 


IS made up as follows 

Tubercle Diet No 2 

Yellow maize, whole, ground fine 700 

Wheat, whole, ground fine 250 

Milk, winter, dned (Glaxo) 50 

Casein (B D H ) 90 

Yeast, dried (Pharmaco-Chem Prod) 150 

Salt mixture 12 


The salt mixture has the following composition 
manganese sulphate 0 1, potassium iodide 1 0, feme 
citrate 1 0, sodium chlonde 60 0, and calcium car- 
bonate 1 ,000 0 The ingredients are mixed mechanic- 
ally, and drug, when added, is mixed separately The 
rate of consumption of this diet is 30-40 g. daily in 
guinea-pigs weighing 450-500 g., and their diet is 
supplemented with 100 g of greenstuff 

Mycobacterium tuberculosis strains 

The human strain CN 271 (H 37) is the virulent 
Saranac stram obtamed from the Trudeau Sanatorium, 
NY, m 1931 and maintained on synthetic fluid 
medium by implant transfer at 21 days (Steenken and 
Gardner, 1946) In our hands this stram is moder- 
ately virulent The hovine strain CN 858 (AN 5 
Weybndge) has proved to be apparently stable, by 
virulence titration, smee its acqmsition in 1943 It 
IS highly virulent In recent years both strains have 
been kept by Mr H Proom m a dned form which 
may prove to be the method of choice for maintain- 
ing virulence 

Grown on a solid egg-medium (Petragnani) for 
14 days, suspensions are prepared by mechanically 
shaking with distilled water m a stainless steel bottle 
with steel balls and adjusted to 0 5 mg per c c by 
reference to a previously standardized vaccine 

The estimation of sulphetrone in body fluids 

The estimation of sulphetrone in body fluids has 
been desenbed (Brownlee et al 1948) and is based 
upon diazotization and couplmg to N(1 -naphthyl)- 
ethylenediamine hydrochlonde (Bratton and Marshall, 
1939) The essential differences he in the dilution of 
1 in 15 and the concentration of acid, both of which 
are cnhcal Blood is obtained from the ear of the 
guinea-pig, from which, with patience and practice, 
up to 0 5 c c may be drawn mto a clean hepannized 
capillary tube 

In Fig 1 are given the blood-concentration time 
curves obtamed wth 1, 2, and 4 per cent of sulphe- 
trone m the powder diet, and also the curve corre- 
sponding to a 2 per cent diet when greenstuff is fed 
in addition 

First Experiment Bovine Strain CN 858 

Forty young adult guinea-pigs of mixed sexes, 
weighing 450-500 g , were inoculated deeply mto 
the nght thigh muscles with 0 25 mg of a fourteen- 
day-old sub-culture of bovme tubercle bacillus. 


CN 858 The course of the infection was rapid, 
so that by the end of the second week glands 
were much enlarged and several ammals had open 
abscesses On the fifteenth day the animals were 
divided mto two groups each of 20 ammals, one to 
serve as control and the other to be the drug- 
treated group Thereafter each anunal m the 
latter group received in its food an estimated dose 
of 600 mg of sulphetrone for the duration of the 
experiment The blood sulphetrone concentration 
corresponding to this daily dose gaye a mean value 
of 5 mg ±4 SE for weekly estimates durmg the 
course of the experiment 

Results 

Survival time — A record of the weights and 
survival times of the animals is given m Fig 2, 
from which it will be seen that the first animal in 
the untreated group died at 35 days and the last 
at 77 days after mfection About three-quarters of- 
the animals were dead by 50 days At a time when 
50 per cent of animals in the control group were 
dead, 25 per cent were dead m the treated group , 
when all controls were dead, 25 per cent of the 
treated animals were stiU ahve The last animal 
in the drug treated group died 237 days after m- 
fection and 160 days after the last of the untreated 
animals had died The average survival time after 
mfection was 45 days in the untreated group and 
77 in the treated group 

Necropsy studies — ^Post mortem examination 
showed gross tuberculosis m 19 out of 20 animals 
m the untreated group, and one animal with severe 
tuberculosis The nature of the mfiltration was 
confirmed by histological examination and the or- 
ganism was recovered by culture on solid egg- 
medium (Petragnani) In the drug-treated group 
of 20 animals, 9 showed gross, 5 severe, and 5 
moderate tuberculosis , m one the only sign was a 
minute abscess at the site of injection from which 
the orgamsm was recovered The nature of the 
disease was confirmed by histological examination 
and the orgamsm was recovered m 19 out of 20 
animals 

The extent of the disease m the animals of both 
groups IS shown pictonally m Fig 3 

Second Experiment Human Stram CN 271 
(H 37) 

Forty-five young adult gumea-pigs of mixed 
sex, weighing 450-500 g were moculated mtra- 
muscularly deep into the nght thigh with 025 mg 
of a 21-day-old culture of CN 271 (H 37) Foun 
teen days after infection the animals were divided 
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Fig 1 — Blood concentration-time curves 
after administration of sulphetrone in 
the diet Each curve is the average of 
estimates on a group of five guinea-pigs 
weighing 450-5^00 g A, sulphetrone 
4 per cent, equivalent to 1 4 g daily , 
B, 2 per cent, or 0 7 g daily , and C, 
1 per cent, or 0 35 g daily In addi- 
tion to 2 'per cent drug in diet group D 
received 100 g of greenstuff daily 


Fig 2. — Weights and survival times of 
gumea-pigs after mtramuscular infec- 
tion with a bovme stram of tubercle 
bacillus A, treated with sulphetrone , 
B, untreated The figures on the graphs 
refer to survivors 
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into two groups, one of 21 animals as a control, 
and the second of 24 animals as the drug-treated 
group , the latter group received 2 per cent of 
sulphetrone m the diet The blood sulphetrone 
concentration correspondmg to this daily dose, 
denved from weekly estimates made during the 
course of the experiment, was 4 8 mg ±2 8 SE 

Results 

Survival time — ^There was a considerable differ- 
ence in the survival times of the untreated and 
treated groups (Fig 4) When the last of the con- 
trols had died at 154 days only 25 per cent of the 
group that had received sulphetrone had died In 
only one guinea-pig of the untreated group was the 
cause of death possibly not due to tuberculosis 
At the 154th day the 18 survivors in the drug- 
treated group were divided mto two groups, one 
called drug-contmued group, which contmued to 
receive drug until the expenment terminated at 61 
weeks when the last survivor was killed, and the 
other a drug-discontmued group from which drug 
was withdrawn These two groups afford an in- 
terestmg parallel Withm the drug-discontmued 
group deaths occurred regularly until the last 
animal died on the 280th day, or 126 days after 
the last animal in the control group had died At 
this stage 50 per cent (4/9) of the animals in the 
drug-contmued group were still ahve 

Necropsy studies — ^The extent of the disease m 
both groups of animals is shown pictorially in 
Fig 5 Post-mortem exammahon showed gross 
tuberculosis m 13 out of 21 animals in the control 
group, five animals had severe tuberculosis, two 
moderate, and ope m which the infection was 
minimal The gall bladder and the small intestmes 
of this animal showed the appearance charactenshc 
of salmonella infection and there seems httle doubt 
that this was the cause of death The recovered 
organism was identified by Mr Proom as Sal- 
monella bovis-morbificans The extent of the 
tuberculosis m all the drug-treated ammals was 
very much less than m the untreated group In 
the same penod of 154 days m which all the con- 
trols died, three drug-treated gumea-pigs died with 
gross tuberculosis, one with severe and two with 
moderate lesions Within the-, drug-discontinued 
group of nine animals, three showed gross tuber- 
culosis, three severe, and three moderate Within 
the drug-contmued group two had gross, and four 
moderate tuberculosis, and m one animal the dis- 
ease was minimal The organism was recovered 
in all cases by culture methods 

Histology — Histological studies confirmed the 
extent and nature of the disease Not only was 


its distnbuhon and extent in the treated group 
very much less but the numbers of acid-fast organ- 
isms were noticeably less In addition there was 
much evidence of heahng m lung, hver, spleen, and 
glands The numerous regressive lesions with 
fibroblastic changes, many of them calcified, were 
impressive (Figs 6 and 7) This change was ob- 
served also m lymph nodes m a number of animals 
There was more tuberculosis of a progressive 
nature in the drug-discontmued group than m the 
drug-contmued group, but here agam there was 
impressive microscopic evidence of heahng The 
picture was that of a resurgence of tuberculosis 
which had been repressed by the drug , m the lungs 
this had the appearance of miliary tuberculosis 
(Fig 7) 

Discussion 

The design of an animal expenment calculated to 
assess the therapeutic worth of a potential anti- 
tuberculous agent for man is a cntical exercise 
fraught with difficulty Tuberculosis m the experi- 
mental animal is a very different disease from 
tuberculosis m man m whom it is frequently 
characterized by an insidious onset, a chronic 
course, and a hability to relapse Yet, the ultimate 
goal may be simply stated as the elimination of 
vjrulent tubercle bacilh, a pomt on which there is 
umversal agreement (Feldman, Hmshaw, and 
Mann, 1944) The absence, to date, of a substance 
with this ideal requirement has dictated the evo- 
lution of other standards of companson These 
have been the comparison between survival-times 
of drug-treated and untreated groups of animals, 
a comparison of the nature and extent of tubercu- 
lous lesions m the organs of predilection, and a 
comparison between pieces of hver obtamed by 
biopsy and at the final post-mortem exammahon 
Ideally, a standard of companson such as diamino- 
diphenylsulphone is mcluded m the test. In a senes 
of classical reports, Feldman and his collaborators 
(1940, 1942, 1943, 1944, 1945) have evaluated the 
status of promin and diasone, denvahves of di- 
ammodiphenylsulphone, and promizole Probably 
by reason of the exploratory nature of their first 
experiments these workers adopted the use of what 
may be called a mmunal lethal mfechon, usmg the 
virulent Saranac strain of H 37, and exammed the 
treated animals at the time when the last control 
animal had died This kmd of expenment presents 
an effective anh-tuberculous agent m its most 
favourable light Nevertheless, this is an entirely 
satisfactory practice when compansons are made, 
especially when taken together with the biopsy 
control technique, and it has enabled Feldman an 
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Fig 3 — First expemne/it Guinea-pigs infected with 0 25 mg of the 
virulent bovine strain of tubercle bacilli CiV 858 A pictorial 
record of the gross amount and distribution of tuberculosis seen 
at death in untreated and sulphetrone-treated animals The 
number beneath an animal shows the days of life after infection 
Although observed until death from tuberculosis, there is less 
gross disease in the treated group 



Fig 4 — Second experiment Weights and sur\aval times of guinea-pigs 
after intramuscular infection with a human strain of tubercle 
bacillus A, treated with sulphetrone, B, untreated WTien all 
controls had died, the 18 survivors in group A were subdivided 
to give a drug-continued group and a drug-discontinued group 
The figures on the graphs refer to sur\'i\ors 


C 
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Fig 5 — Second e\periinent Guinea-pigs infected with 0 25 mg of the virulent human 
strain of tubercle bacilli CN 271 (H 37) A pictorial record of the gross amount and 
distnbution of tuberculosis seen at death in untreated and treated animals The number 
beneath an animal shows the days of life after infection Although observed until 
death from tuberculosis, there is less gross disease in the treated group 




Fig 6 — Second expenment H 37 human strain (Top left) Area of progressive destructive tuberculosis 
in the In-er of an untreated guinea-pig which died 143 days after infection with tubercle bacilli (x 66) 
(Top nght) Fibrotic healing tubercles in the liver of a guinea-pig treated for 384 days with sulphetrone 
( ^) (Bottom left) Progressne destructive tuberculous area in an inguinal lymph node of an 
untreated infected guinea-pig which died 143 days after infection (x 123) (Bottom right) 
progressis’e, markedlj fibrotic involution m an inguinal lymph-node of a guinea-pig treated for 384 
da>s mth sulphetrone 
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tiis collaborators to evaluate the status of chemo- 
therapeutic antituberculous drugs It is their 
^ipinion, with which we agree, that the suiphone 
drugs are not capable of eliminating virulent 
organisms from the organs of predilection m the 
experimental animal 

In making this first report of the antituberculous 
activity of sulphetrone it seemed proper to record 
tests which presented the drug in its least favour- 
able light 

In the experiments reported here, the amounts of 
the virulent strains inoculated were large, and in 
addition to an expenment with a human strain, a 
test with a bovine strain is reported Also, the 
animals were observed until death In another 
place comparative tests with other drugs will be 
reported 

Sulphetrone is a derivative of diaminodiphenyl- 
sulphone of low, acute and chronic toxicity As 
will be reported elsewhere, its lack of toxicity is 
such that doses equivalent to those given to guinea- 
pigs and sufficient to give blood concentrations of 
5 to 7 5 mg per 100 c c have been administered to 
man for continuous periods of 12 or more months 
In this respect it differs from promin and diasone 
whose toxicity is such that they may be given for 
only short and intermittent periods Since others 
have considered that the therapeutic action of 
promin and diasone may be due to some extent to 
their degradation to diaminodiphenylsulphone, it 
IS interesting that with sulphetrone the evidence, 
both chemical and pharmacological, is that this 
breakdown does not occur 

In the first test the experimental conditions, both 
in respect to the amount of the virulent infecting 
organism and to its bovine origin, were severe 
Nevertheless, the group of infected guinea-pigs 
receiving 2 per cent of sulphetrone in their diet 
showed a significant prolongation of survival-time 
For example, at a time when half of the control 
animals were dead, only one-quarter of the treated 
group were dead , when all control animals were 
dead, one-quarter of the treated group were still 
alive Expressed in terms of average survival days 
the figure for the treated group was 77 days, and 
for the untreated group 45 days 

The moculum used m the second experiment was 
the large injection of 0 25 mg of the human viru- 
lent Saranac strain H 37 In this instance the 
protection given by drug treatment was large For 
example, when the last of the control animals had 
died, three-quarters of the treated animals were still 
alive, and as Fig 4 shows, were in ver>' good 
physical condition In contrast, the animals from 
the control group showed gross tuberculosis, and 
histological examination revealed the presence of 



Fig 7 — Second experiment H 37 human 
strain (Top) Severe necrotizing progres- 
sive tuberculosis in the lungs of an un- 
treated guinea-pig which died on the 143rd 
da> after infection with tubercle bacilli 
(xI23) (Centre) Discrete tuberculous 
nodules consisting of coaltscent voung 
miliarj tubercles from ihe lungs of a 
guinea-pig treated for 154 da\s with 
sulphetrone and then treatment discon- 
tinued Died on the 204th day ( x 123) 
(Bottom) Calcified fibrotic nodule m the 
lungs of a guinea-pig treated with siilphe- 
(rone until death on the 189th day fvl23) 



36 


GEORGE BROWNLEE AND C R KENNEDY 


numerous tubercle bacilli By dividing the sur- 
vivors into two groups, one m which drug was con- 
tmued and one in which drug was withdrawn, a 
very significant observation was made The order 
of protection conferred by the drug was contmued 
in one group and withheld in the other Expressed 
in figures, it is shown that at the time when all 
members of the drug-discontinued group were dead, 
one-half of the drug-continued group were still 
alive Throughout the entire drug-treated group 
macroscopic evidence obtained at necropsy showed 
very mueh less tuberculosis than in the untreated 
group This was confirmed by histological exam- 
ination and amplified by the observation that acid- 
fast organisms were very much less in number than 
in the untreated group, where they were numerous 
The most significant histological evidence was the 
repeated finding of healed tuberculous lesions m 
spleen, liver, lungs, and lymph nodes , often they 
were ealcified, particularly in lungs and lymph 
nodes 

In both experiments there is evidence of a thera- 
peutic effect present only in the groups treated 
with sulphetrone With both the bovine and the 
human strains the results suggest that sulphetrone 
exerts a retarding effect on the progressive nature 
of established experimental tuberculosis in the 
guinea-pig It should be remembered that the con- 
ditions of the tests gave the infection the optimum 
advantage In addition, m the experiment using 
the human strain, there was impressive histological 
evidence of a reversal from progressively destruc- 
tive disease to one in which the morbid process 
was retarded , there was also evidence of resolution 
and calcification 

The therapeutic effect is shown most markedly 
by the difference between percentage survivors in 
the treated and untreated groups, but it is evident 
that sulphetrone, in common with other similar 
chemotherapeutic agents, is incapable of elimina- 
ting the causative organism 

Summary 

1 The chemotherapeutic value of 4 4'-bis(v- 
phenyl - n - propylammo) - diphenylsulphone 
tetrasodium sulphonate given the trade name of 

sulphetrone, in treating experimental tuber- 
culosis in guinea-pigs is described 


2 When sulphetrone was added to the diet in 
2 per cent, average blood concentrations of 5 mg 
per 100 cc were found throughout the experi- 
ments The average amount of drug eaten was 
0 6 g daily 

3 In an experiment in which two groups of 20 
animals were infected with a heavy inoculum of 
the virulent bovine strain of tubercle bacilli CN 
858, the survival time of the drug-treated group 
was prolonged The average survival time was 45 
days in the untreated group and 77 days in the 
treated group 

4 In a second experiment in which the infection 
was a heavy inoculum of the human virulent H 37 
strain (CN 271), the treated group of 24 anunals 
survived considerably longer than the untreated 
group of 21 animals 

5 There was a resurgence of tuberculosis of a 
miliary kind in a group of guinea-pigs in which 
drug treatment was stopped 

6 In the drug-treated animals which died there 
was impressive histological evidence of healed 
tubercles 

7 Under the severe conditions of the expen- 
ments, sulphetrone was capable of exerting a sup 
pressive effect on the progressive nature of the 
experimental infections Sulphetrone is bacterio- 
static and, m common with other derivatives of 
diaminodiphenylsulphone, is not capable of 
eliminating the infective organism from animal 
tissue 

We are indebted to Dr David Trevan for the histo 
logical preparations and for assistance with the patho- 
logy He IS also responsible for the photomicrographs 
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The accumulated evidence from both experi- 
mental chemotherapeutic and clmical sources 
makes it possible to say that while streptomycm 
approaches closer than any other known chemo- 
therapeutic agent to the concept of a completely 
effective antituberculous drug, it fails to eliminate 
unconditionally the causative organism Of sig- 
nificance in this connection is the clmical evidence 
presented elsewhere (Madigan, Swift, and Brown- 
lee, 1947b) that the antibiotic appears to be most 
effective m rapid progressive disease, and least 
effective m chrome disease The metabohsm of 
the organism seems to be implicated in these 
effects, since m young dividmg cells streptomycin 
IS markedly effective, while it is ineffective agamst 
old resting cells It appears to be significant that 
when smaller infections of tubercle baciUi are used 
(0 1 mg H 37 , Feldman, Hmshaw, and Mann, 
1945) the results are better than when larger 
infections are used (I 0 mg A 27, Smith and 
McCIosky, 1945) 

From theoretical considerations of what is 
known of the mode of action of diaminodiphenyl- 
sulphone drugs, it is not surpnsing that sulphones 
and streptomycm show a synergism lof action The 
synergism between streptomycm and promin 
demonstrated by Smith and McCIosky (1945), and 
between streptomycin and diasone by Callomon, 
I Kolmer, Rule, and Paul (1946), is of a high order 

, and, m view of the relative failure of streptomycin 

by Itself, suggests the possibihty of combmed 
climcal therapy Sulphetrone, the pharmacology 
and chemotherapy of which has been recently 
described (Broivnlee, Green, and Woodbine, 1948), 
IS a diammodiphenylsulphone denvative of low 
chronic toxicity which is effective m experimental 
tuberculosis and which may be used to maintain 
effective blood concentrations in man for con- 
tinuous penods of 12 or more months (Brownlee 
and Kennedy, 1948) 


The present report desenbes a companson 
between the chemotherapeutic antituberculous 
activity of streptomycm, sulphetrone, promm, and 
combmed streptomycm and sulphetrone 

Methods and Materials 

A recent account (Brownlee and Kennedy, 1948) 
has appeared of the methods adopted m the manage- 
ment of guinea-pig tests The same report should be 
consulted for the composiUon of the dry powdered 
Tubercle Diet No 2 which consUtutes the basic ration 

Mycobacterium tuberculosis strains 

The strain CN 844 used in the present tests is a 
virulent human strain isolated in 1942 from a case 
of tuberculous adenitis, and maintained on synthetic 
fluid medium by implant transfer at 21 days This 
virulent strain gives nse to a more chronic type of 
disease than the virulent Saranac strain CN 271 (H 37) 
previously used This change was dictated by a tem- 
porarv loss of virulence in the H 37 strain, a feature 
discussed by Steenken and Gardner (1946), who make 
suggestions for avoiding this complication 

Streptomycm 

The sample of streptomycin sulphate used in this 
test was drawn from W F Batch 17 and is of 33 per 
cent punty The chemotherapy and pharmacology of 
this batch together with the method of assay have been 
desenbed (Madigan er al , 1947a) The potency of 
streptomycin is slated in terms of weight of pure 
streptomycin base C.,H„N, 04 ; (moIwL579) and is 
denved by assay with a working standard of strepto- 
mycin sulphate (li H SO^ , mol wt 726) of known 
potency , it follows that streptomycin sulphate con- 
tains 79 8 per cent of base 

Sulphetrone 

* Sulphetrone ” is the registered name of the Well- 
come Foundation Ltd for 4 4'-bis(rphenyl-n-prop>T 
amino)diphenylsulphone tctrasodium sulphonate It 


•The development of sulphetrone is pan of a propramroc of 
work on antuuberoiloos compounds earned out by the TTiePapeutic 
Research Ciitporation of Great Britain 
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IS available as a cream-coloured amorphous powder 
containmg 9-10 per cent of water Assays in this 
report are m terms of anhydrous matenal Promm, 
4 4'-diammodiphenylsulphone-N, N'-didextrose sodium 
sulphonate, is a cream-coloured product containmg, 
when freshly prepared, 10 per cent of water , assays 
are also given m terms of anhydrous matenal 

The estimation of drugs in body fluids 

The estimation of sulphetrone in body fluids has 
been described (Brownlee, Green, and Woodbine, 
1948), and is based upon diazotixation and coupling 
to N(l-naphthyl)-ethylenediamme hydrochlonde (Brat- 
ton and Marshall, 1939) The essential points are an 
over-all dilution of 1 m 15 and the concentration of 
acid, both of which are cntical Promm was esO; 
mated by the same method, which gave recovenes of 
some 75 per cent, to which a correction factor was 
apphed Streptomycin m blood was estimated by the 
slide techmque of Fleming (1943), usmg a susceptible 
haemolytic stram of Escherichia coh CN 1360 Blood, 
m quantities up to 0 5 c c , was obtamed from the ear 
of the gumea-pig by drawmg it into a clean hepa- 
rinized capillary tube 

Experimental 

Eighty-three young adult gumea-pigs of mixed sexes, 
weighing 650-700 g , were moculated deeply mto the 
nght thigh muscles with 0^5 mg of a fourteen- 
day-old sub-culture of human tubercle bacillus, 
CN 844 Seventeen days after mfection the animals 
were tested^ for their reaction to an mtradermal 
injection of 0 1 cc of 1/10,000 Old Tuberculm 
All animals gave a positive reaction , eight reactions 
were classed as mild Tuberculm tests were repeated 
at the 15th and 23rd week of mfection On the 
twenty-first day, hver samples were obtamed from 
two animals from each group by biopsy under pento- 
barbital sodium anaesthesia On the following day 
the ammals were divided mto five groups, four of 
18 ammals and a control group of 11 animals 

Streptomycin treatment 

One group of 18 guinea-pigs received the equivalent 
of 10 mg of pure strcptomycm base daily Four 
four-hourly intrapentoneal injections each of 2 5 mg 
of streptomycin base contamed m 0 25 c c of pyrogen- 
free distilled water were given with aseptic precau- 
tions at 8 a m , 12 noon, 4 pan , and 8pm , no drug 
was given dunng the intermediate 12 hours Treat- 
ment was continued for 168 days, dunng which time 
each gumea-pig received 1 68 g. of the antibiotic 
Concentrations of streptomycin per c c of plasma 
were estimated at intervals throughout the test and 
the average figures 1 hour after injection were 7 0 /‘g 
± 1 0 (S E of mean of 60 observations), and at 3 5 
hours 4 0 /<g ± 1 0 (72) , at 4 hours no streptomycm 
could be detected in the plasma Two animals m 
this group died from mtrapentoneal haemorrhage as 
a result of accidental puncture of the spleen, one at 
the 7th week after infection, and one at the 8th week 


Combined streptomycin and sulphetrone treatment 

In addition to treatment with 10 mg of strepto 
mycm base daily, a group of 18 gmnea-pigs also 
received 2 per cent of sujphetrone mcorporated m 
the dry diet 

Plasma concentrations of streptomycm were esti- 
mated at intervals throughout the test, and the average 
figures were similar to those of the streptomycm- 
treated group , these were 7 0 /*g ± 1 5 (90) at 1 hour, 
and 4 0 )ug ± 1 0 (90) at 3 5 hours The average blood 
sulphetrone concentration per 100 cc was 5 1 mg ± 
3 8 (90) 

Sulphetrone treatment 

A group of 18 gumea-pigs received 2 per cent of 
sulphetrone m the dry diet. This corresponded to an 
average drug mtake of 600 mg daily and resulted in 
an average blood sulphetrone concentration per 
100 cc of 59 mg ±35 (86) 

Promm treatment - 

A group of 18 animals was treated with promm 
mcorporated to a concentration of 0 5 per cent in the 
diet The average drug mtake was 150 mg daily and 
gave a blood promm concentration per 100 cc of 
3 5 mg ±2 2 (60) 

Control group 

Eleven ammals constituted the control group and 
received no treatment 

' Results 

Survival times ~ 

Inoculation with 0 25 mg of the CN 844 stram 
estabhshed a slow chronic type of mfection well 
suited to the comparison , for this reason only 
three animals m the control group of 11 died 
durmg the experiment of 168 days, and these from 
gross generalized tuberculosis In the same penod 
of time two animals died m the streptomycin 
treated group at 46 and 56 days owing to intrapen 
toneal haemorrhage as a result of needle injury do 
the spleen Post-mortem exammahon revealed 
mmimal tuberculosis An unfortunate accident 
resulted m the death of five additional gumea-pigs 
of this group, on the 66th day, thus reducing the 
effective number of streptomycm guinea-pigs to 
eleven Post-mortem examination of these animals 
showed no detectable lesions Two animals m the 
combined streptomycin and sulphetrone group 
died with mtrapentoneal haemorrhage owing to 
spleen mjury , in both animals the tuberculous 
lesions were minimal One ammal found dead on 
the 168th day had- no tuberculosis other than a 
small abscess at the site of injection and an en- 
larged infenor inguinal gland , the cause of death 
was believed to have been a concurrent salmonella 
infection Four animals m the sulphetrone group 
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died , in none of them was the tuberculous process 
so well advanced as to justify the view that death 
was due to tuberculosis Within the promin group 
there were seven deaths one of these, at 25 days, 
was due to a streptococcal pneumoma, mmimal 
tuberculous lesions being present , in the other six 
animals the tuberculosis was extensive enough to 
justify the behef that it had been the major cause 
of death, a contnbutory feature bemg the toxic 
nature of the drug , gumea-pigs m this group were 
subdued and m poor condition 

Effects on weight 

The influence of the drug treatment on the 
average weights of the gumea-pigs is shown m 
Fig 1, where^the effect of the four test substances 
and combmation of substances is compared with 
the control group Both groups receiving strepto- 


mycm by mtraperitoneal mjection show a loss of 
weight which lasts for some six weeks and is then 
followed by recovery The fact that the final 
weight records show the greatest gams within this 
group suggests that the temporary loss of weight 
may have been caused by the repeated mtra- 
pentoneal mjections at the commencement rather 
than by a specific toxic effect 

The group receiving sulphetrone gamed m 
weight, and the group receivmg combmed sulphe- 
trone and streptomycm, though they barely mam- 
tamed their weight, were m good condition and 
more alert than any other group The promm 
group lost as much weight as did the controls, with 
which they compared unfavourably m general con- 
dition \^en the experiment ended their condi- 
tion was exceedingly poor and suggestive of 
toxaemia 



Fig 1 — ^The influence of drugs on the a^erage weights of groups of guinea-pigs 
infected with 0 25 rag of a virulent strain of human tubercle bacilli Drug 
therapy begun at arrow S, streptomycin S-bSu, streptomycin with sulphe- 
trone Su, sulphetrone P, promm C, control untreated group 
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Clinical 

Differences between the treated and untreated 
groups, and within the treated groups themselves, 
were apparent by 90 days after mfection In the 
untreated group the superior and infenor mgumal 
glands were grossly enlarged In the groups 
treated with streptomycm alone and with strepto- 
mycm and sulphetrone these glands were not en- 
larged, or only shghtly so This difference was less 
ohvious between the sulphetrone and control 
groups and not evident at all m the comparison of 
the promin and control groups The normal 
appearance of the groups on streptomycm alone 
and on combined therapy contrasted strikingly 
with the toxic appearance of the group treated with 
promin 

Tuberculin tests 

Throughout the course of the experiment three 
tuberculin tests were made The first, for the pur- 
pose of rejecting non-reactors, was on the 
17th day , a second was made on the 105th day, 
and a third on the 147th day On each occasion 
Olcc of aim 10,000 dilution of Old Tuberculm 
was mjected intradermally and the subsequent re- 
action read at 72 hours At the second test the 
seventy of the reactions within the different groups 
appeared to be related to the extent of the disease 


suggested by the records of enlarged glands, losses 
m weight, and general health of the ammals 
Reducing the chnical observations to a simple 
numerical basis gave''the figures shown m Table I 
for both 105 and 147 days The numencal nota- 
tion is as follows 1, negative , 2, query negative, 
or a needle injury , 3, weak positive such as mild 
diffuse staimng of skm or a small reddened area of 
3 mm or less in diameter , 4, positive, without 

TABLE 1 


TUBERCULIN REACTIONS IN DRUG-TREATED AND 
UNTREATED GUINEA-PIGS 


Group 

Number of 
gumea pigs 

Mean numerical index of 
reactions ± S E 


106 days 

147 days 

Streptomycm 

12 

3 8 ± 1 2 

4 6 ± 1 6 

Streptomycin -(- 
Sulphetrone 
Sulphetrone 

16 

2 6 ± 0 9 

3 7 ± 1 3 

16 

4 1 ±1 4 

4 6 ± 1 4 

Promm 

16 

4 6 ± 1 3 

4 9 ± 1 8 

Control 

11 

6 2 ± 1 6 

4 6 ± 1 4 


necrosis , 5, positive, with necrosis of mild limited 
appearance , 6, positive, with necrosis of moderate 
extensive appearance , 7, positive, severe reaction 
The Table shows the mean numencal indices 
correspondmg to degrees of severity of actions 


CONTROLS EXPERIMENT 10 



Fig 2 — ^A pictonal representation of the degree and distnbution of expenmental 
tuberculosis in guinea-pigs post mortem 178 days after infection with 0 25 mg 
of a virulent strain of tubercle bacilh The drug-treated groups received 
10 mg streptomyan base daily, 10 mg streptomycin base daily plus 2 per cent 
sulphetrone m the diet, 2 per cent sulphetrone m the diet, and 0 5 per cent 
promn m the diet The control group was untreated 
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Although the disease appears to have been progres- 
sive during the course of treatment, the compara- 
tive effectiveness of each drug m limiting the spread 
of the disease appears to have remained constant 
Statistically, the differences are probably real 
The enlargement in the accessory ^ands also 
shows that the disease was progressive in all groups 
durmg the interval between the second and third 
tests The decrease m the tuberculin reaction in 
the control group is probably explained by the 
common observation, both in animals and man, 
that in the course of progressive disease skin 
reactions often become less sensitive 

Necropsy studies 

The experiment was terminated on the 1 78th 
day and the animals brought to post-mortem ex- 
amination We have become used to observing 
and recording differences between treated and un- 
treated animals, but have not met previously such 
striking differences as were observed between the 
group which received combined treatment and the 
controls, and to a less extent between the strepto- 
mycm and control groups In these treated groups 
both spleen and liver were normal in size and 
colour and tuberculosis was mimmal m extent 

There was gross, extensive, and progressive 
generalized tuberculosis m all animals of the un- 
treated group The promin treated group showed, 
m general, markedly less tuberculosis, although in 
many ammals spleens were grossly tuberculous 
Within this group five animals had disease com- 
parable to that seen m the control group, with ex- 

TABLE II 


AVERAGE SEVERITV AND DISTRIBUTION OF TUBERCULOSIS 
EXPRESSED NUMERICALLY 



Macroscopic examination of the tissues 
involied 

Group 

1 

Num 

ber 

of 

1 am 
mals 

Spleen 

(maxi 

mum 

36) 

1 1 

Lungs 
(maxi- 1 
mum ! 
30) 

' 

Liter 
(maxi 
mum 
j 25) 

Site 

and 

IjTnph 

nodes 

(niaxi 

mum 

1 101 

J 

1 

Aierage 

index 

(ma\i 

mum 

1 100) 

Controls 

1 

30 6 

25 5 

1 10 

' 10 

85 0 

Strepto- 

mycin 

13 

13 fi 

4 G 

0 

t 1 

27 5 

Strepto 
m\ cm and 
sulphe- 
tronc 

j 18 , 

94 

2 5 

1 

1 

) 0 5 

1 ^ ' 

S 3 

20 7 

Sulphc- 

tronc 

IS 1 

20 0 

IS 0 

1 » 

! 

57 4 

Promin 

IS 

*’4 2 

no 2 

i 

' II 7 

' 10 

' CS 1 


tensive caseation and cavitation of the lungs The 
sulphetrone group showed much less tuberculosis 
than the control group and less tuberculosis than 
the promin group This was particularly evident 
m the spleens and hver 

The extent and distribution of the disease m the 
drug treated and the untreated groups is shown 
pictonally in Fig 2 and numerically m Table II in 
which, following the excellent notation of Feldman 
(1943), scores are given for the extent and charac- 
ter of the tuberculosis observed macroscopically 
in spleen, liver, lungs, and glands 

Bacteriology 

Post mortem the spleens were removed aseptic- 
ally and divided for histological examination and 
examination for tubercle bacilli For the latter 
purpose they were ground in a previously sterilized 
mortar in 6N HCl, spun, neutralized with a calcu- 
lated amount of NaOH and seeded on to egg- 
medium Acid-fast organisms of typical morpho- 
logical appearance were recovered from all the 
control animals , within the promin group there 
were 16 out of 18 recoveries, with sulphetrone 12 
out of 18, with streptomycin 4 out of 13, and from 
the combined therapy group 2 very scanty growths 
from 18 cultures It was noticeable that the cul- 
tures obtained from the promin treated pigs grew 
luxuriantly, in contrast to all other treated groups 

Sensitivity of strain and cultures to drugs 

The CN 844 strain when grown in Long’s Syn- 
thetic Medium is inhibited by 0 5 pg \cc of 
streptomycin, by 65 /^g /cc of sulphetrone, by 125 
Pg of promin, and by a mixture of 30 /tg/cc 
sulphetrone and 0 25 fig fc c streptomycin, in 
which mixture an additive, not a synergistic, effect 
is seen Significant, in view of the therapeutic 
effects, was the finding that all strains recovered 
post mortem were unchanged in sensitivity to 
streptomycin and sulphone drugs 

Histology 

Examination of histological material from the 
untreated control group revealed a unTorm picture 
of severe, progressne infection Confluent tuber- 
culous interstitial pneumonia, with frequent case- 
ation and many acid-fast bacilli, was seen in the 
lungs , the livers exhibited multiple tubercles 
spreading outwards from the portal tracts with 
many acid-fast bacilh in infarcted areas Spleens 
had massive infarcts, haemorrhages, and coales- 
cent small tubercles, mostly with caseous centres 
and many acid-fast bacilli were present The 
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lymph nodes were occupied bv confluent caseating 
tubercles and generally acid-fast organisms were 
seen 

The treated groups differed, more or less, m the 
amount and distribution of the tuberculosis and 
in the numbers of acid-fast bacilh seen 
The promin group differed least from the con- 
trols Involvement of the lungs was the rule, but 
there was evidence of locahzabon and repair 
Livers showed little frank tuberculosis, but there 
were extensive foci of recent necrosis , acid-fast 
organisms were rarely seen Spleens were exten- 
sively involved, with numerous tubercles, extensive 
infarction and congestion acid-fast organisms 
were rare 

The restraining powers of the sulphone drugs 
were earned a demonstrable step forward m the 
sulphetrone group Lungs were less extensively 
in\ol\ed, the lesions being limited at the most 
to patchy tuberculous mterstitial pneumoma 
coalescing in areas mto large tubercles, with rare 
necrosis , at the least, there was congestion and 
oedema , acid-fast bacilli were not seen Livers 
showed small areas of miliary tubercles and an 
occasional fibrosing tubercle , acid-fast bacilli were 
not seen Spleens showed numerous small tubercles 
in a congested oedematous pulp but without acid- 
fast bacilli being identified 

The streptomycin group differed markedly from 
the controls Only 5 out of 13 lungs showed tuber- 
culous lesions m two they were restneted to single 
fibrotic calcified tubercles In only one animal 
was there a tuberculous lesion m the hver With 
the exception of one animal in which the disease 
appeared to be non-progressive, tubercles were 
found in all spleens Mostly the tubercles were 
fibrotic (5 cases), or calcified (7) Tubercles were 
seen in all the contiguous lymph nodes , in three 
animals they were limited to small fibrotic areas 

The group treated with streptomycin and sulphe- 
trone differed remarkably from the controls and 
presented an impressive degree of protection even 
when compared with the streptomycm group 
Only 6 out of 18 lungs showed tuberculous lesions 
in five of these the lesion was calcified and fibrotic 
All lungs showed evidence of many healed lesions 
In only one liver was a tubercle found and this 
w as a small hardened epithelioid node The 
spleens were mvohed m 14 out of 18 animals, but 
all the lesions were non-progressive, consistmg of 
areas of diffuse fibrosis or of repressive lesions 
with calcification Lymph nodes adjacent to the 
inoculation site were minimally mvolved m all 
animals , all the lesions were non-progressive and 


consisted almost entirely of fibrous tissue with 
some calcification 

Discussion 

Although incapable of eliminating the causa- ^ 
tive organism unconditionally, streptomycin is 
capable of modifymg favourably the course of 
moculation tuberculosis m the expenmental anunal 
(Smith and McClosky, 1945 , Feldman, Hmshaw, 
and Mann, 1945 , Youmans and McCarter, 1945) 
Viewed from the base-hne laid down by expen- 
mental and chnical sUlphone therapy the significant 
advance m efficiency made by this new antibiotic 
justified a careful clmical assessment From the 
clinical reports now available it is apparent that 
the antibiotic is able to influence tuberculosis to 
only a limited extent and under certain conditions 
Iromcally enough these appear to be the conditions 
under winch the bacillus is multiplymg rapidly, for 
example in miliary tuberculosis The impor- 
tance of appreciating the reasons for these failures 
needs no stressing Thus, Baggenstoss^ Feldman, 
and Hmshaw (1947) record the death of 5 cases 
of miliary tuberculosis m spite of healing in the 
lungs, and they note that streptomycm could not 
be demonstrated m bram substance m which tuber- 
culous lesions were found Madigan, Swift, and 
Brownlee (1947b) had simihar failures with nuliary 
tuberculosis to report, and in addition they could 
not record healing m phthisis of diverse origin 
If the disease m the expenmental anunal is re- 
garded as different from the diseases due to M 
tuberculosis in man, this difference reflects the 
metabolic adaptability of the organism and it is to 
countering this aptitude that we must address our 
efforts The acute experiments, here described, 
offer no evidence of adaptation of the organism to 
any of the chemotherapeutic agents , significant m 
this connection is the record of Madigan et al 
(1947b), that m chrome disease (phthisis) the or- 
ganisms acquired resistance to streptomycm, while 
m acute mfection (mihary tuberculosis) in which 
healing was seen the susceptibihty of the organism 
was unchanged Experimental evidence is pre- 
sented by the same authors, that streptomycm is 
most effective agamst young dividing bacilh and 
ineffective agamst old resting cells A similar ob- 
servation is made by Middlebrook and Yegian 
(1946) A practical approach to the attack on the 
metabolic adaptability of the tubercle bacillus^ 
that of Smith and McClosky (1945), who showed 
the synergistic action of streptomycm and promin 
m experimental tuberculosis , Callomon, Kolmer, 
Rule, and Paul (1946) also demonstrated a similar 
effect with diasone and streptomycin 
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The present report is concerned wjth the syncr- 
ptsm of streptonnein and sulphctronc, i diamino- 
diphcn\lMiIphonc dcn\i(tvc which combines 
cflicicncy of action with freedom from the chronic 
toMciiy associated with the use of promin and 
dnsonc. Ciroups o( antmds treated with promin. 
with sulphcironc and with strcptonncin enable a 
comparison to be made 

On the basis of sursnal time, chanpe in weight, 
response to tuberculin teds, macroscopic csidcnec 
of gross tuberculosis poM inoruni or microscopic 
examination there is presented a uniform picture 
of the marked supcriorits of the combined 
thcraps llic order of cfhcicncy is streptonnein 
with sulpheironc strcptomicin, sulphetronc. and 
promm It should be noted that oral promin 
exhibits the drug by its most toxic route and 
that the rcMiIting blood leads arc consequently 
low . Ibis remains, howeser a practical prob- 
lem It IS interesting that a relation was found 
between the degree of protection and the seventy 
of intradcrmal tuberculin reactions, an obscrv'ation 
in contrast to (hat of Smith and McClosky (1945) 
A careful sifting of all evidence here presented 
leivcs the impression (hat the disease w'as progres- 
sive in all groups, albeit at a much suppressed rate 
in those groups where protection was greatest 
Nevertheless with this implication in mind the 
experimental cfTccls produced by (he combined 
strcptomjcin and sulphetronc therapy arc believed 
to justify a careful clinical evaluation in selected 
cases The need meanwhile is for improved anti- 
tuberculous bacterial antibiotics which will not 
induce resistant strains 

SUMMARV 

1 Four groups of 18 guinea-pigs, and one con- 
trol group of 1 1, infected with 0.25 mg of a human 
virulent strain CN 844 of M tubcrculosts were 
treated 22 days later with drugs for 168 days One 
group received 0 5 per cent of promin in the diet, 
one 2 per cent sulphetronc in the diet, one 10 mg 
of streptomycin parenterally daily, and a fourth 
2 per cent sulphetronc and 10 mg of streptomycin 
The control group of 11 animals remained 
untreated 

2 Twice during treatment all animals were tested 
for reactions to the intradermal injection of Old 
Tuberculin There appeared to be a simple rela- 
tion between the degree of seventy of the intra- 
dermal reactions and the course of the disease 


judged by weight records and enlargement of 
lymph nodes 

3 Records of losses in weight, enlargement of 
gl inds, rcl.ition to tuberculin tests, macroscopic 
evidence of distribution of tuberculosis post mor- 
tem, and the evidence of histology, all presented a 
uniform picture of degrees of protection All 
drug-treated groups showed evidence of protection 
It was least in the promin group, became greater in 
the sulphetronc group, still greater in the strepto- 
mycin group, and was greatest in the group treated 
with sulphetronc and streptomycin In the latter 
group the protection was so marked as to be clearly 
synergistic 

4 The opinion is expressed that the disease was 
progressive in all groups 

5 Strains of the tubercle bacillus recovered from 
the drug-treated groups were unchanged in their 
susceptibility to the antibacterial action of the 
drugs 

6 The experimental effects produced by com- 
bined streptonnein and sulphetronc therapy arc 
believed to justify a careful clinical evaluation in 
selected eases 


Tlic authors arc indebted to Mr A Fenton for 
valuable technical assistance, and to Dr D Trevan 
for the histological preparations and for assistance 
with the pathology 
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Three types of drug are commonly used for the 
treatment of amoebiasis (a) emetine or its 
sparingly soluble denvatives such as the bismuth 
iodide (“ E B I ”) , (b) halogenated qumolines such 
as 7 iodo-8-hydroxyquinoline-5-sulphonic acid 
(chiniofon B P “ yatren,’ “ qumoxyl ”), 5-ch]oro- 
7-iodo-8-hydroxyqumohne (“ vioform ”) and 5 7- 
diiodoquinoline (“ diodoqum ”) , and (c) arsenical 
preparations such as 4-carbamidophenyJarsonic 
acid (carbarsone) and 3-acetami(lo-4-hydroxy- 
phenylarsomc acid (acetarsone B P C , “ stovar- 
sol ”) It IS usual in current practice to admmister 
courses of these drugs together with retention 
enemata of chiniofon Recently penicillm and 
sulphonamides have also been given to control 
secondary mfections and this treatment has been 
successful in a number of cases previously 
resistant to treatment with amoebicides alone 
(Hargreaves, 1945a and b , 1946) 

In spite of this armoury of medicaments there is 
still a great need for a new drug, not only to deal 
with refractory cases, but also if possible to avoid 
the objectionable properties of emetme Ipecacu- 
anha IS scarce and expensive, and its most impor- 
tant alkaloid, emetine, although highly specific, is 
toxic and even m its pharmaceutically most elegant 
forms causes nausea and vomiting m many patients 
The systematic search for new amoebicides has 
been hampered by the lack of a reliable in vitro 
test and of a convement expenmental infection in 
animals 

Pyman (1937a and b) examined a homologous 
senes of harmol ethers (I) m which R was an alkyl 
group containing from two to twelve C atoms 
A peak m amoebicidal activity 



(C,H„)jN-{CHj),„-N-(C5H„), 


a) (11) 

III \ttro was found With R=C,Hit but the com- 
pounds were very sparingly soluble In order to 


increase the solubility, basic groups were intro- 
duced into the terminal position of the alkyl groups 
[(I),R=Alk 5 N(CH 3 )j:] , the number of methylene 
groups and the size of Ihe alkyl groups were varied 
and a peak in activity was found in 0-11-di- 
H-butylamino-undecylharmol [(I),R=(C 4 Hs) N 
(CHs),,-] which, under the conditions of the test 
used, was lethal to Entamoeba histolytica in a dilu- 
tion of 1 750,000 to 1 4,000 000 As this was many 
times more active than O-u-nonylharmol it was 
conjectured that the harmol residue might not play 
an important part in the amoebicidal action, and 
this part of the molecule was replaced by other 
groups, leading ultimately to the preparation of 
1 10-bis-(dwi-amylamino)-decane (11) which was 
found to be three to five times as efficient as 
emetine Unfortunately a clinical trial failed to 
confirm the promise of the th vitro test It is 
evident from this careful work of Pyman and his 
collaborators that an in vitro test alone is not 
enough to indicate whether or not a compound is 
likely to be useful in the treatment of amoebiasis 
The present senes of papers describes an attempt 
to synthesize amoebicidal substances based upon 
the structure of emetme, and upon the structure 
of certain compounds found by Pyman to be active 
in vitro Details of the method used for biological 
tests, and the results obtained with standard 
ahioebicides will be desenbed in the present paper, 
and an account of the new compounds prepared 
and their biological activities will be given m Parts 
n and ni 


In Vitro Amoebicidal Tests 
The activity of ipecacuanha alkaloids upon free- 
living amoebae was demonstrated by Vedder (191 1) 
and by Pyman and Wenyon (1917), but satisfactory 
evidence of specific activity against E histolytica 
was not forthcommg until a medium was devised 
which would mamtain the amoebae alive suffi- 
ciently long for the drugs to take effect, and which 
contained no solid phase to remove the alkaloid 



CnnMOTlICRAVY or amolbiasis 


45 


from coluiion The bulRrcd Jiorse-scnini Ringer 
medium (hs) of Liidinw, Dobell, and Bishop (I92S) 
nui these requirements and was used by Rvm m 
and his collaborators (19’^7a md b) for the exam- 
ination of new compounds A further source of' 
dilhcults Ins been the fact th it so far it h is not 
been possible to grow K hi^iohiica \n the ibscnce 
of bacteria, and the results of m \uro tests base 
bctn complicated b\ the presence of an indeter- 
minate mixed bacterial flora used b> the amoeb i 
as a source of essential mctibohtcs Recent 
American work (Rees Reardon Jacobs, and 
Jones 1941) his shown ih it it is possible to grow 
the orcinism m the presence of single struns 
of baclen i In this tountrs Dobell has suc- 
ceeded in growing C hntohnta in vitro in the 
presence of a single pure slriin of Baer toll, and 
It was reported by Hargreaves (1945) th it in 
such a culture the amoebae were killed by a con- 
centration of emetine Indrochloride as low is 
1 5,000,000 The use of this culture enables the 
observer to detect bactcncidal action of a new 
compound which might be confused with direct 
amocbicidal action in a culture containing many 
strains of bacteria, some but not ill of which were 
afTected by the drug The work of Pyman and the 
more recent w'ork of Rawson and Hitchcock (1947) 
suffer from the disadsantages resulting from the 
presence of a mixed bacterial flora 

Methods used in the present work 
For the cultures used, .and for the method of test 
described below, we arc indebted to Dr Clifford 
Dobell Two strains of amoeba have been used, 
both growing in culture with a single smooth” 
strain of Vact coli One of tliem was obtained from 
a natural infection in a monkey, and was morpho- 
logicalli indistinguishable from E histolytica, the 
other was isolated from man These strains were 
identical in their reaction to emetine in \itro The 
cultures were maintained on the horse-serum Ringer- 
egg (HSre) medium of Dobell and Laidlaw (1926) 
For an in \iiro test, a senes of 4 in x 1/2 in tubes 
were prepared, each containing 4 5 ml of buffered 
horse-serum — Ringer medium (hs) and 0 5 ml of a 
stenlc solution of drug in buffered Ringer Each was 
inoculated with 6 drops (0 2 ml ) of a heavy culture 
of Bad coll in Douglas-Harlley broth, and a large 
loopful (20 mg ) of dry, stenie nee starch added The 
tubes w'ere incubated overnight at 37° C for growth 
of the bacteria to take place, and for the conditions 
at the base of each tube to become anaerobic This 
may be confirmed in a sample tube by the addi- 
tion of methylene blue before incubation , if growth 
IS satisfactory the dye is bleached at the bottom of 
the tube A heavy suspension of E histolytica was 
then added to each tube, the inoculum being 
placed carefully on to the surface of the starch 


with a pipette Luge quantities of inoculum were 
obtained bv culture in flasks of HSre medium pre- 
pared by the method of Fr>c and Meicney (1935) 
After incubation for three dajs, the tubes were 
examined microscopically for the growth of amoebae, 
the bacteria present tested for xiability by subculture 
and the pH of each tube of culture checked The 
results obtained with standard amocbicides are re- 
corded in Table 1 


TABLE I 

IHL Acnvin or amoebicidal drugs m vitro 
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Jn Vivo Amocbicidal Tests 

Still greater diflicultics have been encountered 
in the finding of a suitable experimental infection 
upon which the in vivo activity of drugs could be 
investigated Thousands of cats have been used 
in some laboratories (Wagner, 1935 , Biehng, 
1935 , Kikuth, 1945) in spite of the fact that Dale 
and Dobell had shown in 1917 that the acute and 
lethal infection produced in kittens by the inocu- 
lation of C histolytica per rectum was not affected 
by doses of emetine large enough to be toxic to the 
host, and that therefore experiments with new 
drugs could not be expected to yield much useful 
information 

Several workers have reported mfection of rats 
and mice by the oral inoculation of E histolytica 
cysts but such experiments have not been uni- 
formly successful in the past Meleney and Frye 
(1932) and Deschiens and Provost (1937) described 
the infection of cats by the direct inoculation of 
trophozoites into the lower ileum in a recent 
paper by Jones (1946) this method has been modi- 
fied and applied successfully to young rats, and a 
method of testing drugs has been carefully worked 
out Our own expenments made independently 
during the past two years and described in the 
present series of papers produced similar results, 
showing that the young rat is a suitable host for 
caecal infections of E histolytica The mfection 
in the rat caecum diflfers from that in the human 
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gut in that we have never yet seen an ulcer of the 
deep flask-shaped type m which amoebae are livmg 
exclusively upon the tissues of the host The 
ulcers are extensive but shallow and rarely mvolve 
tissues deeper than the mucosa The active 
amoebae frequently contam bacteria, whereas in- 
gestion of red cells is only occasionally encoun- 
tered, and cysts are rare Nevertheless, as mfected 
rats can be cured by the drugs used m human 
therapeutics, we consider the method to be the best 
so far devised for the mvestigation of new com- 
pounds designed as amoebicides 

Methods used in the present work 

Animals 

Very young rats weighing 20-30 g were used 
immediately after weaning At this age the animals 
have not developed an extensive caecal flora and 
fauna, havmg had milk as their mam diet The 
caecum is small and almost empty apart from a 
mucous secreUon At a later age the caecum be- 
comes enlarged and distended with food residues and 
living organisms, and the inoculation of E histolytica 
IS less likely to produce an acute mfecUon Chronic 
light infections could be produced m older rats, but 
were less suitable for therapeutic experiments 

We were troubled m the early staged of this work 
by natural infections of the rats by an amoeba 
resemblmg E muris This organism is distmguisb- 
able from E histolytica m stamed smears, but is 
diflicult to detect m fresh preparations especially when 
E histolytica is also hkely to be present We also 
had the impression that a rat mfected with E marts 
was difflcult to mfect with E histolytica, caecal condi- 
tions favourable to the former bemg apparently un- 
suitable for the latter Experiments m these labora- 
tories by Neal (1947) showed that hamsters fre- 
quently harboured heavy caecal infections of 
E miiris and discharged cysts which were infective 
to rats They -therefore served as a reservoir from 
which young rats readdy became mfected Rats could 
be kept free from infection by keeping them m a 
room apart from hamsters and by beddmg them m 
clean wood-wool sterilized by heatm'g at 150° C for 
1 hour 

Strain of amoeba 

We have tned a number of strams isolated from 
human patients, and find them to be vanable in their 
pathogenicity to rats It is possible that this is caused 
by differences m assoaated bacterial flora The straui 
we have used for routme tests (“ Strain B ”) was de- 
rived from a man infected in Burma, and had resisted 
a total of 11 courses of treatment with emetine and 
other drugs before it reached our hands We are 
indebted to Air Commodore T C Morton for the 
material This organism when grown in bulk upon 
HSre medium and moculated mtracaecally caused m^ 
fection of 80 to 100 per cent of young rats We did 


not find it necessary to add mucm to the inoculum 
as recommended by Jones (1946) 

Method of inoculation 

^ The rats were hghtly anaesthetized with ether, the 
skin of the abdomen shaved, and the caecum exposed 
through a very small incision shghtly to the left of 
the nud-lme A volume of 0,2 to 0 4 ml of a rich 
suspension of amoebae from culture was injected 
directly mto the caecum, the'jet of fluid being directed 
m such a way that the bhnd end of the caecum was 
completely filled and good contact was made with 
the mucosa A small amount of a mixture of equal 
parts of sulphanilamide and marfanil (about 10 mg) 
was dusted mto the abdominal wound to mmimize 
chances of secondary infection, and the wound was 
closed with a rayon suture m the muscle and a Michel 
clip m the skm The dustmg with sulphonamides has 
no effect upon the development of the amoebic infec- 
tion 

Treatment with drug 

The rats were divided into groups and fed for six 
days upon diet contammg the drug to be tested The 
diet was a Coward stock diet, and the amount of drug 
mcorporated was detemuned by the results of toxicity 
tests The daily food consumption of a newly weaned 
rat IS about 4 g per day and the maximum concen- 
tration used for any drug was 0 5 per cent, represent- 
mg a daily dose of about 800 mg per kg A dis 
advantage of the drug-diet technique is that the drug 
may be distasteful to the rats, and the food intake is 
then less than normal This can readily be detected 
by observation of the food consumed and if a new 
drug shows promise as an amoebicide, more accurate 
treatment can- be ensured by frequent dosage by 
catheter The drug-diet method is convement for 
“ screening ” tests and ensures continuous treatment 
with drugs A group of untreated mfecteS controls 
was used m every test to check the infechvity of the 
inoculum 

Assessment of results 

For the assessment of the effect of a drug, the 
cntenon we used was the presence or absence of 
amoebae m the caecum, as demonstrated by micro 
scopical examination and by culture m HSre medium 
Caecal contents showmg plentiful amoebae under the 
microscope will not always grow out m culture if the 
concomitant bactenal flora is unsuitable, but culture 
will sometimes demonstrate the presence of an infec 
tion not detected microscopically, and is thus a useful 
supplement to direct exammahon The condition of 
the caecum of each rat was also assessed by a 
“ scormg ” method similar to that described by 
Jones (1946) The presence of amoebae did not 
enter mto our scores, which were awarded upon 
macroscopical evidence only The conditions of the 
caecal wall (normal =0 , extensive ulceration =4) was 
scored separately from the condition of the conten 
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(nornnl 0 mticus only — 4) Wc Jnvc found 
tint T dnip ttn\ provide nnrkcd protection of the 
cnecnl vvnll and \cl not remove the nmoebnc from 
the contents another drop mav remove the nnioclnc. 
but nv n result of its irntinl action the cacc d wall will 
appear thickened and the contents fluid or mucoid 
Such examples cannot be scored by Jones's method 
and we consider tint the alternative svviem described 
above pives a better amivsis of the effects of a dnip 
The results obtained with a senes of st indard 
amocbicidcs arc shown m Table 11 

TABin 11 
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Discussion 

The activities of drugs in vitro shown in Table 1 
demonstrate the highly specific action of emetine 
The limiting amoebicidal concentration of 10 ® to 
10’ is in agreement with the findings of Dobell 
(reported by Hargreaves, 1945 , 1946) All the 
other drugs were much less active, or showed no 
activity at lO*^ The results of the in vivo tests 
(Table 11) also show emeUne to be the most active 
drug tested in spite of the fact that the stram was 
derived from a case which had resisted repeated 
courses of this and other drugs Emetine bismuth 
iodide showed activity commensurate with its alka- 


Joidal content tlic inorganic fraction appeared to 
have no influence upon the potency of the drug in 
the acute experimental infection The results of 
piv'ing emetine in the diet were more successful 
than those reported by Jones (1946) in which sub- 
cutaneous injection of six doses of 2 mg /kg, or 
oral administration of a single dose of 12 or 15 
nig /kg protected only 60 per cent or less of the 
animals * A drug diet containing 0 ODl per cent of 
emetine HCl, corresponding to a daily intake of 
approximately 1 5 mg /kg was sufficient to protect 
12/15 rats infected with strain “ B,” though we 
have evidence that strains derived from other 
sources may be less susceptible to emetine Rats 
receiving drug diet contain ng 0 02 or 0 05 per 
cent of E B I showed considerable irritation of the 
caeca, the walls appearing thickened and pale and 
the contents fluid This is shown by the higher 
scores at these dose levels 

Comparison of Tables I and II shows that the 
drugs tested fall into the same order of relative 
activity by both in vitro and in vivo methods Ex- 
periments with other drugs, which will be recorded 
in Parts II and III, have shown that this is not 
always the case In the past it was a common 
practice to calculate the “ chemotherapeutic index ’ 
of a drug from the ratio 

“ maximum tolerated dose ” 

‘ minimum curative dose ” 

These terms have fallen into disfavour because 
their errors arc large and indefinable and an 
attempt to provide a more accurate index has been 
made by expressing it as the ratio of the median 
lethal and median effective doses (Wien, 1946) 
Dr J W Trevan, at the January, 1947, meeting 
of the British Pharmacological Society, pomted 
out that such a ratio was of little value if the dose- 
response curves were not parallel, and also that it- 
did not express the relationship required — namely, 
a comparison of the safe dose with the curative 
dose He suggested that a better figure would be 
given by the ratio of the “ LD 0 1” and the 
“ CD 99 9,” which can be regarded as accurate 
substitutes for “ maximum tolerated ” and “ mmi- 
mum curative ” doses These figures may be 
determined from the dose-response curves by 
extrapolation or by calculation from the regression 
formulae 

In Table HI this method has been applied to 
the amoebicides Toxicity determinations were 
made upon rats of the same age and stram as those 

* Added in proof In a more recent paper Jones (1947) reports 
results from repeated oral administration of drugs which are very 
similar to those found by us 
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used for amoebicidal tests, and the figures were 
obtained graphically The total daily dose com- 
monly employed m human therapeutics is also 
recorded, and will be seen to compare reasonably 
well with the daily mtake required to cure rats 


TABLE in 


Drug 

1 

Maxi- 
mum 
chnical 
daily 
dose 
mg /kg 

1 Acute 
toxicitv 
to young 
rats 

LD 0 1 
mg /kg 
orally 

Amoebici 
dal activity 
CD 99 9 
mg /kg /day, 
m diet 

Chemo 
thera 
peutic 
index 
LDOl 
CD 09 9 

Emetme HCl j 
Emetine b'smuthi 

1 

6 

4 5 

1 3 

iodide 

3 

11 

16 

0 73 

Carbarsone 

14 

4,600 

600 

7 6 

Acetarsone 

10 

1,200 

600 

2 

Chmiofon 

30 

800 

300 

2 7 

Diodoqum 

30 

>40 000 

f 

600 

>67 


Table II shows that, m spite of their specific 
activity. It was difiicult to obtain 100 per cent of 
cures with emetine HCl or emetme bismuth iodide 
This was probably because emetme drug-diets con- 
taining more than about 0 001 per cent are irritant 
and distasteful to rats , the total dose therefore 
may not have been taken each day On the other 
hand individual rats may carry infections which 
resist treatment with the alkaloid In either event 
the question requires further investigation The 
CD 99 9 values for these two drugs were estimated 
by extrapolation of the linear parts of the dose- 
response curves and are therefore probably too 
low Reference to Table III shows that even these 
low figures are for emetine bismuth iodide withm, 
and for emetine hydrochloride almost within, the 
toxic range Chiniofon is the next most active, 
and also the next most toxic drug Carbarsone 
appears to be better than acetarsone because of 
its lower toxicity, and diodoqum has the highest 
chemotherapeutic mdex of all because no rats died 
after an oral dose as high as 40 g /kg Smce it 
has no appreciable activity in vitro even when sohd 
particles of drug are present (Table I), it is 
probable that diodoqum is converted to a more 
active substance during its passage through the 
body 


In chnical practice none of the drugs is successful 
m every case 

Summary 

1 Methods are descnbed for the comparison of 
the amoebicidal activities of drugs (a) in vitro, 
usmg a stram of Entamoeba histolytica growmg m 
the presence of a single strain of Bacterium coli , 
and (6) m vivo, usmg young rats inoculated intra- 
caecally with cultures of amoebae 

2 The following standard amoebiades have 
been tested emetme, emetine bismuth iodide, 
carbarsone, acetarsone, chiniofon, and diodoqu n 
Emetme was the most active, both in vitro and m 

VIVO 

3 The chemotherapeutic indices of the drugs 
have been calculated and show that the curative 
dose of emetine is very close to the toxic dose Of 
the drugs tested, diodoqum had the most favour- 
able chemotherapeutic mdex 

Our thanks are due to Messrs P Amsden and 
J M Judd for valuable technical assistance 
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THE CHEMOTHERAPY OF AMOEBIASIS 

PART II AMINES DERIVED FORMALLY FROM EMETINE 

nv 

J A GOODSON. L G GOODWIN. J H GORVJN, M D GOSS, K S KIRBY, 
J A LOCK, R A NEAL, F M SHARP, AND W SOLOMON 

rroni lilt' Wellcome Uthowtanes of Tropical Medicine, 1S3, Ciiston Road, N W / 

(RcccEcd June II 1947) 


1 he Structure of emetine according to Brindley 
and Pyman (1927) is probably represented by (I) 
If the bond showm by the dotted line at (a) in (I) :s 
considered to be broken, a structure is derived 
consisting of two 6 7-dimctho\ytctrahydro/s-o- 
quinolinc nuclei joined at tlic 1 I'-positions by a 
chain of fi\c methylene groups bearing two 
branches Child and Pyman (1929) have syn- 
thesized a senes of aaj*bisC6 7-dimetho\vtctra- 
hydrowoquinolyl) alkanes of formula (II) based on 
this model and found the compounds to be inactive 
against Entamoeba histolytica in vitro 


CHs CH. 

\:h -CH, 



x/x 

<7 N II 


x/ 


3 

bcHj 


( 1 ) 


We have prepared a senes of compounds (III , 
71=6 to 10) modelled on the bis (fi-3 4-dimethoxy- 
phenylethylamino) alkanes resulting from the 
further rupture at (b) (b) of the ring system (II) 
The nature of the substituents m the benzene ring 
has been varied, and also the length of the central 
cham of methylene groups and of the chain 
between the amino group and the benzene ring 
A senes of bis(alkylamino)alkanes has also 
been prepared, the formal relationship of which 
to emetine is exemplified in bis(octylamino)hep- 
tane (TV) This structure is derived from that of 
emetine by opening out the molecule at the bonds 
(a), (b) (b) and (c) (c) in forihula (I) In this 
senes the length of the central chain of methylene 
groups has been varied and the chain branched, 
and the terminal alkyl groups have been varied m 


a similar manner 




(CH.)„_ 




(in 


V' 


OCH, 



CH, CH, 


CH, 

ck ck 


CH, 


CH. 


C 


k ck 


CHi 

ci^ kw. 


(IV) 


CH, CH, 

\Hk 


dj, 

cik 


All these substances have been tested for araoebi- 
cidal activity by the methods outlmed in the first 
paper of this series (Goodwin, Hoare and Sharp, 
1948), and the results are shown in Table I 
Selected members of the series have also been 
tested agamst experimental infections with trypan- 
osomes, leishmania and malaria The chemical 
syntheses and characteristics of the compounds are 
described in the chemical section on page 56 
As the quantities of drug available have m some 
cases been limited, the numbers of animals used 
were small The results of the toxicity tests are 
very approximate, having been calculated by 
Karber’s method (Irwin and Cheeseman, 1939) 
from three or four groups of 5 mice It will be 
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TABLE I 

Columns 6 and 7 signifies improvement, ” no Column 12 

“1” signifies no activity against T eqiriperdum 

improvement 

^ »> 

„ „ „ T rhodesiense 

Columns 10 and 11 ” sigmfies no activity at a concen- 


„ „ „ T congolense 

tration of 10”* 

“4” 

„ » T crm 

Figures m parentheses denote shght activity with large doses 
(e g “(6)” for compound No 13 means that there was 
slight antimalanal activity at toxic dose levels ) 

ttf 

„ ,, „ Leishmania 

itiTty 

donoiani 

„ ,, ,, Plasmodium 


gallinaceum 


Substance 

(1) 

Ref 

No 

(2) 

Approx 

LD50 

(mg./kg) 

Amoebiadal tests 


I/I V/IV 




Oral 

(3) 

Sub- 

cut 

(4) 

L 

(5) 

Caecal 

condition 

Rats 

clear 

(8) 

% 

(9) 

Amoe- 

bicidal 

cone 

(10) 

Bact 

-cidal 

cone 

(11) 

Wall 

(6) 

Conts 

(7) 

( CIl’o^ j (CHJ,. 2HBr 

1 

950 

250 

'0J2 

0 1 

+ 

■f 

4/7 

2/8 

60 

25 

■ 

1 

1.3, 

5,6 

„ (CHj)„ 2C,H,0, 

2 

■ 

■ 

05 

0 05 

— 

fl 

5/6 

1/6 

80 

15 

I^IBi^B 

■ 

B 

„ (CHi)„ 2HBr 



150 

02 

01 

— 

B 


60 

15 

Bi 

B 

1,6 

„ ' (CHJ„ 2HBr 

■ 

600 



— 




IBIi 

■ 

1.6 

„ (CH0», 2HBr 

5 

600 



B 


1/8 

4/8 

1/8 

10 

50 

10 

10-* 

■ 

■ 

,, (CH 2 )io, 2HBr 

- 

6 

700 



-h 

+ 


3/4 

2/7 

1/7 

75 

30 

15 

lp-“ 


3,6 


■ 

■ 

■ 

02 

1 

- 



10-* 

- 



„ (CHJ,„,2HBr 

8 

30 

40 

01 

■ 

— 

0/4 

0 


- 

1.3 ^ 


9 


310 


1 

■ 

0/4 

0 

- 

- 

1.3 

„ (CHJio,2HCl 

10 


375 

02 


B 

0/6 

0 

— 

- 


./'(CHj).NH-j (CHj)8 

11 



05 

+ 

— 

+ 

4/6 

65 

- 

- 

6 

ft (CH2)io 

12 





B 

0/6 

0 

- 

- 

2,3 _ 

^(CH-).NH- j (CHJe, 2HBr 

13 


>2000 


+ 

1 

B 

65 

0 

0 

10”* 

10-* 

2,3 

, (CHO,. 2HBr 

14 




+ 

+ 

— 

9/9 

8/15 

4/14 

100 

55 

30 

10”* 1 
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TABLE r — continued 


Substance 

0) 

Ref 

No 

(2) 

Approx 
LD50 
(mg /kg ) 

Amocbicidal tests 

Other 

tests 

(12) 

m 1/1(7 

in vitro 

Oral 

(3) 

Sub- 

cut 

(4) 

% 

diet 

(5) 

Caecal 

condition 

Rats 

clear 

(8) 

% 

(9) 

Amoe- 

bicidal 

cone 

(10) 

BacL 

-adal 

cone 

(11) 

Wall 

(6) 

Conts 

(7) 


\ 

15 

450 


’05 

1 To*xic 



10'“ 



6 





02 

— 

1 _ 
t 

To 

XIC 










* 


2/5 






Bismuth iodide 

16 



05 


-1- 

5/6 

80 





(25 3% base) 



. 

02 

+ 

4 * 

3/7 




1 


\ 












( / XCH.) NH- 

(CH.J„ 2C,1L0, 

17 

742 

375 

05 

To 







\ \==/ 

Jt 




02 

+ 


6/6 

100 

io-“ 

lo-* 







0 1 

+ 


4/8 

50 





Bismuth iodide 

18 



05 

+ 


4/6 

65 





(26% base) 




02 


+ 

2/8 

25 




f y 

\ 







- 

■ 





(CH;),o 2C3H,0, 

19 

536 

134 

05 

Toxic 



m 




\ \ / 

A 




02 

+ 

+ 

3/4 


10-‘ 


6 






01 


+ 


s 





Bismuth i6dide A 


■I 

mm 

05 

+ 

+ 







(36 6% base) 



■ 

02 


— 

fm 

10 





Bismuth iodide B 

21 

S 

B 

05 

+ 

+ 

5/8 

60 





(22 9% base) 


■ 

■ 

02 



0/8 

0 





) (CH,)o,2HBr 

22 

120 

350 

05 



Toxic 


io-» 


(1),3, 

g^gmuiiiii 

J, 




02 


— 

2/7 

30 



_5 


„ 2QH„0, 

23 



02 

— 

— 

0/3 

0 









0 1 

— 

— 

1/6 

20 



1,3 






0 05 


— 

2/6 

30 





(CHOr, 2HBr 

24 

165 

400 

05 

Toxic 












02 

+ 

+ 



10-° 

_ 

(I) 






0 1 

— 

__ 











0 05 


— 







(CHs)*, 2HBr 

25 

200 

550 

05 

+ 


Toxic 










02 

-f 


9/12 

75 

10-° 








0 1 

— 


2/7 

30 




y f 

(CHoJo, 2HBr 



68 

S|S 

+ 

+ 

Toxic 











+ 

+ 

7/8 

90 

io-« 








ilfl 


— 

7/8 

90 









m 

H 

— 

2/8 

25 





(CHs)io, 2HBr 

27 

450 

700 

1^1 


4- 

3/5 

60 









ilH 

"1“ 

4- 

2/4 

50 

10-° 

— 

1 






IIIM 

mm 


— 

3/5 

60 




(/ VcH^jNH- 

] (CHj)„ 2C,He03 

28 

710 

410 

05 


4- 

loxic 


10-' 



\ ^ / 

/a 




02 

— 

- 

3/7 

40 
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TABLE 1 — continued 


Substance 

(1) 

Ref 

No 

(2) 

Approx 
LD50 
(mg /kg ) 

Amoebicidal tests 

Other 

tests 

(12)'^ 

1 


in vitro 

Oral 

(3) 

H 

c^et 

(5) 

Ca( 

cond 

:cal 

lition 

Rats 

clear 

(8) 

% 

1 

(9) 

Amoe- 

bicidal 

cone 

(10) 

Bact 

-cidal 

cone 

(11) 

Wall 

(6) 

Conts 

(7) 

)>(CH,),NH - j (CHO.o, 2C,H,0, 


1400 

700 

05 

02 

To 

+ 

Lie 

1 + 



10 ‘ 


/ 

^(CHJjNH - ^ (CHOa, 2QHoO. 

30 

308 

310 

02 

■ 

■ 

1/6 

15 

10“ 


■ 

)» (CHJlOi ^CgHaOs 


>2000 


05 

02 

+ 

+ ! 

+ 

+ 

Toxic 

4/8 


10“ 

— 


^CHj)sNH- j (CH,)e. 2Q,H,Oi 

32 

- 


02 

■ 

i 

3/7 

40 

10-' 

- 


^CHsNH- j(CH2)j,2HCl 

33 

1400 

350 

05 

02 

1 

— 

3/7 

5/7 

40 

70 




crij-o 

{ y:H,NH-)cH5)8 IHCl 

^ 2 

34 

1400 

1400 

0^ 

0 1 

+ 

+ 

e 

+ 

+ 

■ 

60 

45 

— 

- 


/ CHjC^ V \ 

^CH,0<^ (CHs)8,2Ha 

35 

1 

1 

05 

0^ 

— 

- 

1 

2/8 

0/7 

25 

0 

10“ 

— 



36 

1 

1 

05 

02 

- 

I 



10 » 

■ 

■ 


37 

350 

175 

02 

■ 

— 

3/8 

40 

10-* 

■ 

(1),3. 

5,6 

(C,Hi8NH-)iCH0., 2HBr 

38 

450 

100 

02 

01 

+ 

+ 

+ 

+ 



10-* 

10 ‘ 

„ 2C,H.O, 

39 

■ 

154 

05 

02 

0 1 

+ 

+ 

+ 

+ 

+ 

+ 

5/5 

1/5 

2/7 

100 

20 

30 

10-' 

10“ 

(1),4, 

5,6 

(C,H,sNH-).{CHs) , 2HBr 

40 

350 

300 

02 

01 

0 05 

+ 

+ 


50 

33 

40 

10-' 

10 < 

(1) 

„ (CHJ„ 2HBr 

41 

450 

350 

0^ 

0 1 

0 05 

+ 

+ 

+ 

1 

+ 

+ 

+ 


50 

60 

25 

10“ 

10-’ 

1,6 

,, ,, 2 CaHe 03 

42 



02 

1 

— 

1/2 






„ (CH:)„ 2HBr 

43 

450 

450 

02 

01 

0 05 
0 025 
0 0125 

To 

+ 

XIC 

+ 

12/16 

3/12 

5/11 

0/5 

75 

25 

45 

0 

10 ‘ 

1 

6 
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lAnLn I — contmui’d 


Subslancx 

(1) 

Ref 

No 

(2) 

Approx 
LD50 
(mp /kg ) 

Amocbicidal tests 


m ^i\o 

in 1 

itro 

' Sub- 
i On! i cut 

! 

(') 1 ( 4 ) 

/o 

diet 

(5) 

Caccal 

1 condition 

1 . 1 

Rats 

clear 

(8) 

1 % 

(9) 

Amoc- 

bicidal 

cone 

(10) 

Bact 

-cidal 

cone 

(11) 

tests 

(12) 

Wnll 1 Cents 
(6) 1 (7) 

(C-H,»NH-1(CH.).„ 2HBr 

-14 ' 'iOO 
' 

♦ 

1 350 

i 

1 

|02 

0 1 

0 05 
0 025 
0 01 

^ 1 H- 
' - 1 

iA = 

1 

8/9 

3/9 

4/4 

I/S 

2/8 

90 

35 

100 

10 

25 

10 ' 

10 ' 

1,3, 

5,6 

(QH„NH-):(CH.),n 2C.H,0, 

45 j 1000 

1 

270 1 0 5 

1 02 

lO 1 
\ 

+ 

1 


Toxic 

Toxic 

3/8 

40 

10 * 

— 


(C,H,-NH-),(CH:), 2HBr 

46 

1800 

>2000 0 2 
! 0 1 

0 05 
0 01 

4 

' 4- 
I 

11/14 

1/6 

7/23 

6/14 

1 80 

1 35 
40 

10 ‘ 

10-^ 

1,3 

, „ 2C,HeO, 

47 

615 

>2000 

'05 

02 

0 1 

4 

1 + 

4- 

4- 

1 

Toxic 

4/4 

2/6 

100 

35 




(C,H„NH-).(CH.), 2C3HeO, 

48 

700 |>2000 

1 

t 

; 02 

0 1 

4- 

4- 

Toxic 

1/5 

20 

10 ‘ 

— 


(C„H„NH).(CHJ.o, 2HBr 

49 

l>2000,'>2000 

02 

t 

Toxic 


— 

— 


(C 4 H,CH(C.H 5 )CH.NH-).(CHi),o, 2HBr 

50 

>2000j>2000j 0 2 

1 _ 1 _ 

t 

! 

0/3 

0 

io-‘ 

— 

6 

((CH, -CH-CH:)sCNH-).CCH.)io.2HCl 

51 

1400 

2000 

05 

02 

4- 

4- 

4- 

4- 

Toxic 

3/6 

50 

/ 



1 1_NH- (CH 2 )io. 2HBr 

\A /. 

52 

700 

700 

0 1 

0 05 

0 025 

To 

4- 

XIC 

4- 



5/7 

1/7 

70 

15 

10 » 

— 


CH, 

(C8Hi,NH CHicL),(CH: 05, 2HBr 

53 

1400 

700 

02 

0 1 

To 

4- 

XIC 

3/5 

60 

10-® 



CH, 

(CsHnNH CH,ck).(CH8)„, 2HBr 

54 

>2000 

1400 

02 

— 

— 

1/7 

15 

10-' 

— 


/ /CHi-CH2\,^ \ 

CH,< >CH NH- (CH,)8, 2HC1 

\ NzHs-ch/ / 1 

'i 

55 

390 

200 

05 

02 

01 

To 

4- 

4- 

XIC 

4- 

4- 

3/4 

4/5 

75 

80 

10-" 

10-* 

2,3 

(CH,)i„, 2HC1 

56 

850 

400 

02 

— 

- 1 

1/6 

15 

10-® 

— 

2,3,6 


E 
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TABLE I — continued 


Substance 

0) 

Ref 

No 

(2) 

Approx 
LD50 
(mg /kg ) 

Amoebiadal te 
1 

sts j 

Other 

tests 

(12) 


in \ivo 

1/1 Mt 

ro 

Oral 

'(3) 


7o 

diet 

(5) 

1 

Ca< 

cond 

Kial 

lition 

Rats 

clear 

(8) 

% 

(9) 

1 

Amoe- 

bicidal 

cone 

(10) 

Bact 
-CTdal 
i cone 

1 (11) 

Wall 

(6) 

Cents 

(7) 

/ y-CHj-CHjV \ 

OQ )>N- (CHa)jo,2Ha 

57 

1600 

180 

05 

02 

— 

- 

2/4 

2/8 


- 

- 


((QH,),N(CH:0,NH-),(CH^io, 4HBr 

58 

1200 

300 

02 

■ 

■ 

1/6 

15 

— 

— 

(6) 

(QH„NH-)j(CH^, 2HBr 

59 

700 

350 

05 

02 

101 

0 05 

+ 

+ 

+ 

+ 

+ 

-f- 

I 

70 

10 

0 

10“‘ 

i 

1 


(C 3 H,NH-),(CHj)., 2HBr 

60 

374 

2000 

1 05 
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noted that in some instances the oral toxicity of a 
substance is greater than the subcutaneous toxicity 
This rather unusual findmg is explained by the fact 
that most of the compounds are irntant, and 
whereas a localized necrosis is produced by sub- 
cutaneous injection, oral administration may result 
m severe and fatal damage to the walls of the 
alimentary tract, with secondary infection 
In the amoebicidal tests, the proportion of rats 
protected from infection has been expressed as a 
percentage, which facilitates comparison of the 
effects of one drug with another As we are very 
conscious of the fact that percentages calculated 
from small numbers of animals have little mean- 
ing, the actual numbers of animals used are 


recorded, so that the true significance of the per- 
centage figures may be apparent It should be 
remembered that control animals may show an 
infection rate as low as 80 per cent, and a figure 
of 20 per cent protection may not indicate activity 
of a drug Control animals were used in every 
test The numbers of animals used were insuffi- 
cient to give accurate comparisons between drugs, 
but were adequate to indicate whether or not a 
drug was likely to be of value in the treatment cf 
aipoebiasis The effect upon the macroscopic 
appearance of the caecal wall and contents has 
been recorded here merely as a significant 
improvement (-f-) or no significant improvemen 
(— ), detailed figures are not given 
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Discussion or thc Rcsults in Table 1 
Phcnvlalkylaminc sene'; 

All the members of thc senes of bis(/J-3 4- 
dimclho\yphcnylclhyIamino)alkancs (Nos 1 to 
6) showed some activity in \tvo but there was no 
significant difference between them Thc improve- 
ment of thc caecum produced by thc compound 
containing 10 methylene groups suggests that it 
may have a slightly higher potency than thc rest, 
and this is confirmed bj thc in i Urn test 

When only one mcthoxy-groiip was present as 
m Nos 7 and S, thc activity was reduced, and a 
similar effect was apparent in compounds 9 and 
10 which contain free hydrow-groups in thc para 
positions of thc benzene nuclei 

The introduction of iodine atoms into thc ben- 
zene nucleus as in Nos II and 12 gave rise to 
insoluble compounds wath no increase in activity, 
although in this ease the hexane- was more active 
than the decanc-dcrivativc 

The /J-/j-chlorophcnylcthylamino derivatives 13, 
14, and 15 had some activity, thc corresponding 
o-chloro analogues (Nos 17 and 19) were rather 
more active both in vivo and in Mtro, but were 
also more toxic 

In the bis(/J-phcnylethylamino)alkanc senes 
(Nos 22-27) all thc compounds showed activity 
of a high order in vitro Thc greatest in \ivo 
activity was found in thc higher members of thc 
senes The effect of varying thc length of thc link 
between thc phenyl and the amino groups is shown 
in Nos 28 to 33 Thc optimum length seems to 
be a chain of tw'o methylene groups An increase 
in activity in the bis(phenylmclhyIamino)alkane 
series was found when a methylenedioxy-group 
was introduced into the 3 4- positions (No 34), 
but a single p-methoxy or p-dimcthylamino group 
was deleterious (Nos 36 and 37) 

Alkylamme series 

The complete “ opening out ” of the emetine 
molecule leads to two u-octylamine residues con- 
nected through the N atoms by a chain of methy- 
lene groups Owing ^to the ready availability of 
u-heptylamine via heptaldoxime we first studied 
the action of bis(/i-heptylamino) alkanes All these 
cpmpounds (Nos 38 to 44) had in vitro activities 
of the same order as the bis(^-phenylethylamino) 
alkane series, but in addition had bactericidal 
action, which probably complicated the results of 
the in vitro tests In vivo these compounds were 
perhaps shghtly more active than the phenylethyl- 
amino derivatives, but the results at low dose 
levels were erratic 


Alteration of the length of the alkyl chain as 
in Nos 45 to 49 had little effect upon the activity, 
but tlie higher members had greater toxic effects 
when given in thc diet than thc lower members 

Branching thc side-chain as in No 50, 1 10- 
bis(2'-cthyl-u-hcxyIamino)decane and in No 51, 
1 lO-bis(triallylcarbinamino) dccane, where the 
chain is both branched and unsaturated, did not 
increase thc in vivo activity, but the longer, 
branched unsaturated compound, bis-geranyl- 
amino)dccanc (No 52) again showed a high 
in VIVO activity, accompanied however by an 
increased toxicity 

Thc introduction of methyl groups into the 
methylene chain connecting the two basic radicals 
(Nos 53 and 54) had little effect 

When thc alkyl chain was replaced by a cyclo- 
hexyl radical (Nos 55 and 56) the activity was not 
appreciably affected, but replacement of the alkyl- 
amino residues by tertiary basic groups as in 
1 lO-NN'-dimorpholyldccanc (No 57) resulted 
in complete loss of activity both in vitro and in 
VIVO The introduction of a basic side chain as 
in I ]0-bis(^-dicthylaminoethylamino)decane (No 
58) had a similar effect 

Reduction in thc number of methylene groups 
connecting thc two secondary amino groups to 
five or three, even w'hcn the molecular weight was 
increased by thc introduction of longer alkyl 
groups, caused almost complete loss of activity 
(Nos 59 to 62) 

Thc primary diamine, 1 10-diaminodecane (No 
63), was completely inactive and the ditertiary 
bases, 1 lO-bis(dibutylamino)- and 1 10-bis(di- 
amylamino)decane (Pyman, 1937 , Nos 64 and 65), 
were considerably less active than the disecondary 
bases of about the same molecular weight (c/ Nos 
44 and 47) 

Thc cyclic tertiary amine No 66, obtained as a 
by-product, was inactive 

The effect of solubility 

The activities of the sparingly soluble hydro- 
bromides and the readily soluble lactates were not 
significantly different (Nos 1, 2 , 22, 23 , 38, 39 , 
41, 42, 46, 47) Nos 15,17, and 19 have been 
converted into insoluble bismuth iodides of vari- 
able composition, Nos 16, 18, 20 and 21 , these 
were less toxic, but the activities were no greater 
than those of equivalent amounts of the parent 
compounds, except No 16, which was slightly 
more active than No 15 

None of the compounds is comparable with 
emetine in amoebicidal activity Emetine protects 
most of the rats at a concentration in the diet of 
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0 001 per cent, whereas the best of the synthetic 
compounds are practically useless at concentra- 
tions lower than 0 1 per cent 

Although many members of the senes have 
acute toxicities which are less than that of emetme, 
they are very imtant substances and it is unlikely 
that any would be suitable for chnical tnal 

Chemical Section 

Two general methods were used for the preparation of 
the secondary diammes , (a) an a,w-alkylene dihahde was 
treated with a pnmary amme, or (b) an a.to-alkylene 
diamme with an aUcyl hahde The reacUons were 
earned out m a vanety of solvents— alcohol, amyl 
alcohol, ether, acetone, benzene, toluene or xylene— or 
without solvent, and for varying lengths of time The 
choice of method was usually determmed by the availa- 
bihty of the startmg matenals In general the first method 
gave better yields, but, usmgalkylene dihalides contaming 
5 or 6 carbon atoms, there was a tendency for nng 
closure to take place with formation of N-alkyl(aralkyl)- 
pipendines or -hexamethyleneirames The bis(phenyl- 
methylamino) alkanes were most conveniently prepared 
Ma the amis 

1 6-5w(P-3' X'-dimethoxyphenylethy]ammo)hexane 
(No 1) P-3 4-Dimethoxyphenylethylaimne (7 24 g), 

1 6-dibromohexane (4 88 g ) and xylene (20 cc ) were 

allowed to stand for 24 hours and then heated to 115“ for 
30 nuns A ciystallme solid separated on cooling, after 
recrystallizaUon from alcohol ghstemng platelets of 
1 6-to(P-3' A'-dimethoxyphenylethylammo)hexane di- 

hydrobromide, m p 260-262°, were obtamed in 29% 
yield (Found C, 515, H, 7 0, N, 4 6, Br, 26 6 
CelboOiN ,2HBr requires C, 51 5, H, 7 0, N, 4 6, 
Br, 26 4% ) The dilactate (No 2) forms plates from 
acetone, mp 120“ (Found C, 614, H, 8 4 
CicHmOjN2,2C3H,Os requires C, 61 5, H, 8 4%) 

1 7-Bij(P-3' A'-dimelhoxyphenyletli\lamino)heptcme 

(No 3) was obtmned similarly in 24% yield as dihydro- 
bromide from 1 7-dibroraoheptanc and P-3 4-dimeth' 
oxyphenylethylanune It forms leaflets from alcohol, 
mp 240° (Found N, 4 7, Br, 25 8 C5,H4204N2, 

2HBr requires N, 4 5 , Br, 25 8% ) The dihydrochloride 
forms needles from alcohol, mp 247° (Tound C, 
60 7, H 8 2 C5-H«,04N„2Ha requires C, 610, 

H, 8 3% ) 

I 8-B(s(P-3' 4'-dimethoxyphenylethvlamino)octane 

(No 4) The dihydrobrbnude, mp 251°, was obtained 
similarly from 1 8-dibromo-octane and the amme m 
40% \ leld (Found N, 4 8 , Br, 25 5 C5,H4404N.,2HBr 
requires N, 4 4 , Br 25 2% ) The dihydrochloride forms 
needles from alcohol, m p 245-247° (Found C, 61 8, 
H, 8 6, N, 5 3 a, 12 4 C.8H„04N^2Ha requires 
C, 61 6, H, 8 5, N, 5 1, Cl, 13 0%) 

1 9 Bi'(p'3' 4'-dimethox}phen}letliylamino')nonane 

(No 5) The dihvdrobromide, obtained sunilarly from 
1 9-dibromononane in 32% yield, forms leaflets from 
alcohol, mp 248° (Found N, 4 6, Br, 24 7 
C-jHisO^N ,2HBr requues N, 4 3 , Br, 24 65% ) The 
dih) droclihnde forms needles from alcohol, mp 251° 
(Found Cl, 12 8 C-,H4«04N.,2Ha requires Q 12 7%) 


1 10-jBi5(P-3' 4'-dimetlioxyphenylethylamlno)decane 

(No 6) The dihydrobromide, leaflets from alcohol, 
m p 251°, was obtamed sinularly in 45% yield from 
1 10-dibromodecane and homos eratiylamme (Found 
N, 4 5, Br, 24 2 C3oH480iNj,2HBr requires N, 4 2, 
Br, 24 1% ) The dihydroLhlonde forms needles from 
alcohol, m p 244-245° (Found C, 62 9 , H, 8 9 
C3 i)I 1 js 04N„2HQ requires C, 62 8 , H, 8 8% ) 

1 6-Bts(^-p-methovyp/ieny/ethylamino)hexane (No 7) 
P-p-Methoxvphenylethylamine (15 1 g), alcohol (25 cc) 
and 1 6-dibromohexane (6 1 g ) were heated under reflux 
for 24 hours and 2A''-alcohohc HBr (25 cc ) added The 
crystalline precipitate was fi’tered off and boiled with 
alcohol to remove p-methoxyphenylethylamine hydro- 
bromide The residue, recrystallized from a large volume 
of alcohol, deposited 1 6-bi^(^-p-methox}plienylethyl- 
amuio)hexane dihydrobromide in crystals m p 308° 
(Found C,52 8, H,7 4, N,5 1, Br,29 1 CjiHaAN,, 
2HBr reqmres C, 52 75, H, 70, N, 5 1 , Br, 29 25%) 
The dipicrate forms yellow crystals from alcohol, m p 
198° (Found C, 51 3 , H, 5 1 , N, 13 5 C4H3,0 N , 
2C,H30 Nj r^mres C, 51 3, H, 5 0, N, 13 3% ) The 
bases regenerated from the onginal mother-hquors were 
dissolved in alcohol and on addiUon of a hot alcoholic 
solution of picnc acid deposited an oil , the clear decanted 
liquor on standing deposited orange crystals of Pp- 
methoxyphenylethylamine picrate mixed with yellow 
crystals of N-^-p-methoxyphenyletbylhexameHivleneimme 
picrate These were readily separated by hot benzene m 
which the former is insoluble The latter formed yellow 
crystals from benzene, m p 151°, yield 37% (Found 
C, 54 7, H, 6 0, N, 12 2 CjsHjjOHQHjOrN, 
requires C, 54 5 , H, 5 7 . N, 12 1% ) The hvdrobromide 
(No 66), colourless crystals from alcohol, melts at 196° 
(Found C, 57 3 , H, 7 9 , N, 4 4 , Br, 25 6 C,jH.,ON, 
HBr requires C, 57 3, H, 7 9, N, 4 5, Br, 25 4% ) The 
nng structure was confirmed by failure of the base to 
yield an acetyl denvative and by the formation of a 
methiodide,m p 132° (Found C, 5L1 , H, 7 1, N, 3 9, 
OMe, 8 3 , NMe 7 5 CjjHjjOHCH,! requires C, 51 2, 
H, 7 0, N. 3 7, OMe, 8 3, NMe, 7 7% ) 

1 \0-Bi.d.^-p-metboxvphenylethylamino)decane{i4o 8) 

The dihydrobromide was obtamed m 53% yield in a 
similar manner to that just desenbed but omitting the 
treatment with picric acid It separates from a lai^ 
volume of alcohol m crystals, m p 304° (decomp ) 
(Found N, 4 9, Br, 26 7 C,8H«0,N.,2HBr requires 

N, 4 65, Br, 26 5%) 

I 6-Bis(<^-p-hydroxyphenvlethylamino)hexane (No 9) 
This was prepared by heating the methoxy denvative 
(No 7) with 8 tiroes its weight of hydrochloric aad 
(d, 1 2) m a sealed tube at~ 170° for 6 hours The- 
dihydrochloride separated from water in silky neem«. 
mp 255-25r (Found C, 61 2, H, 7 9, N, 6J, 
a. 16 8 Q,H„OjN,,2HCl requires C, 61 5, H, 8h, 

N, 6 5, a, 16 5%) 

1 'lO-Bls(^-p-liydroxyphenylelhylamind)decane(!4o I 

The coirespondmg methoxy-compound (No 8) "ca 
in a sealed tube with hydrochlonc acid (d, 1 2) , 

1 10-bis(^-p-hydroxyphenylethylamino)decane dint 

chloride m needles from water m p 238° (decomp 
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(Found C 64 S, H, S 7 N 5 4. Cl, 14 7 QsH.AN., 
2HCI n.quircs C. 64 3 , H, 8 7 , N, 5 8 , Cl, 14 6% ) 

1 (i-Ri'~{^y-wtlo-4*-h\dro\\ phcm k'tJn lanmto)hcxanc 
(No 11) To a stirred solution of Uic hvdrow'-comi^ound 
(No 9) (2 0 g ) in methyl alcohol (120 cc ) 10% aqueous 
ammonia (4 cc.) was added followed by iodine (2 4 g ) in 
50% potassium iodide solution (9 6 g ) The precipitate 
was collected, washed in turn with mcUianoI, water and 
methanol The base formed an almost while powder, 
mp 175°, >icld 94% (Found 1,42 4 QiH„O.NJ, 
requires I, 41 7% ) The iodine atoms arc assumed to be 
in the S'-positions 

1 10-Bn(°-3'-inr/n-4'-//i d’-owp/icm Icf/n lammo)di'canc 

(No 12) This was prepared in 93% yield from No 10 
in a similar wav Tlic base melted at 169° (decomp) 
(Found C,46 9, H.6 2, N,4 5, 1,40 3 CrH^O.N.I; 
requires C, 47 0, 35,58 N, 4 2, 1 382%) Tlic iodine 
atoms arc assumed to be in the 3'-positions 

^-p-C/doroplicm Icfln /amine Drj' ammonia was 
passed for 3-4 hours through fused /i-chlorophcnyl- 
propionie acid at 180° The powdered product was freed 
from a little unchanged acid by estraction with aqueous 
ammonia and the insoluble p c/do'-ap/ienylpropionanddc 
rccrystalhzed from benrenc It formed tetragonal plates, 
rap 133°, yield 82% (Found C, 59 3, H, 5 8, 
N, 7 9 Cl, 19 3 C,H,oONCl requires C, 58 9 , H, 5 5 , 
N. 7 6, Cl, 19 3%) It was comerted into /i-cliloro- 
phcnylcthjlamine, b p 129-135/24 mm , by the method 
of McRae and Vmmg (1932) The picratc forms light 
orange-coloured prisms from alcohol, m p 212° (Found 
N, 14 8 Cl, 9 3 QHjoNChCHjO-N, requires N, 14 6, 
Q, 9 2% ) The /;j drohronude separates from alcohol in 
colourless crystals, m p 237° (Found C, 40 6, H, 5 0, 
N, 5 7 C,H,oNCl,HBr requires C, 40 6, H, 4 7, 
N,5 9%) 

^o-Chloroplwnylet/iylaminc This base was prepared 
in 67% yield from P-o-chloropropionamide m a similar 
manner It is a colourless liquid, b p 128723-26 mm 
The/new/e forms yellow crystals from alcohol, m p 187° 
(Found C; 43 7 , H, 3 9 , 0,9 2 CsHioNCl.C^HjOvN, 
requires C, 43 7, H, 3 4, 0,9 2% ) The /ivdrobromide, 
wluch IS very soluble in alcohol, separates from a 
concentrated solution as a ddiydrate, m p 92° with 
previous sintenng (Found loss at 50° in a vacuum 
12 2 C8H,„NO,2 HiO requires loss 13 2%) The 
anhydrous salt has mp 190° (Found C, 40 9, 
H, 4 9, N, 6 1, Cl, 14 7, Br, 33 2 CaH,oNO,HBr 
requires C, 40 6, H, 4 7, N, 5 9, Cl, 15 0, Br, 33 8% ) 

1 6-Bis(fi-ip-cIdorop/tenyJetliylamino)liexane (No 13) 
P-p-Chlorophenylethylamine (4 mols ) in alcohol was 
heated under reflux for 24 hours with 1 6-dibromohexane 
(1 mol ) The product was neutralized with 2A^-aIcohoIic 
hydrobromic acid and after standing the crystalhne 
deposit was filtered oft and recrystallized to give 1 6- 
bis(^-p-chlorophenyle7/tylamino)/iexane dihydrobromide in 
colourless crystals, m p 301° (decomp ), yield 29% 
(Found N, 5 2 , Cl, 12 5 , Br, 28 1 a,H3oNjCl.,2HBr 
reqmres N, 5 1 , Cl, 12 8, Br, 28 8%) The dipicrate 
separated from alcohol m yellow crystals, m p 219° 
(Found C, 48 5, H, 4 8, N, 12 9, Cl, 8 0 
Q2H„N2ai,2CeH307N3 requires C, 48 0, H, 4 3, 


N, 13 2, Cl, 8 3%) The bases hberated from the 
mother-liquors from the above hydrobromide were 
converted to picrates from which N-^-p-chlorophenyl- 
ctlivlhcxamctln let cimmc picrale was obtained by extrac- 
tion with benzene It separated from this solvent in 
jcllow needles, m p 181° in a yield of 32% (Found 
C, 5 1 8 , H, 5 4 , N, 1 2 1 , 0,7 5 C,4H.oNa,CoH30-N3 
requires C, 5145, H, 5 0, N, 12 0, Cl, 7 6%) The 
/ndrobromide forms plates from alcohol, mp 263° 
(decomp) (Found C, 52 8, H, 6 7, N, 4 6, Cl, II 1 
Br, 25 I C,4H-oNCI,HBr requires C, 52 75, H, 6 6, 
Cl, 11 1. Br, 25 1%) 

1 ^-Dis{^~p-cliIoroplicnvletlivIammo)octanc (No 14) 
The ddndrobroniidc was obtained in 44% yield by the 
abo\c process using 1 8-dibromo-octane and p-chloro- 
phcnylcthylamme It is very spanngly soluble in alcohol 
from which It IS deposited m crystals, m p 291° (decomp ) 
(Found C, 494, H, 65, N, 49, 0,117, Br, 264 
C4H3jN.CI;,2HBr requires C, 49 4, H, 6 2, N, 4 8, 
Cl, 12 2 Br, 27 4%) The d/ptcrate forms yellow 
ciy’stals from alcohol, mp 183° (Found C, 49 3, 
H, 4 6, N, 12 6 ajH3iRCh,2C3H307N3 requires 
C, 49 2, H, 4 6, N, 12 7%) 

1 10~Bt!>(^-p-c/dorop/ienylet/i)/amino)dLcane (No 15) 
The dihydrobromide was obtained in 53% yield from 
I 10-dibromodccanc and the appropnate amine in 
crystals from alcohol, m p 290° (decomp ) (Found 
C, 51 3, H, 6 6, N, 4 6 C38H,3Ns02,2HBr requires 

C, 511, H, 6 6 N, 4 6% ) The ri'//7;crfl/e forms yellow 
needles from alcohol, mp 170° (Found C, 50 3, 
H, 5 0, N, 12 0 C..rH3flN3Ch,2C6H307N3 requires 

C, 50 3, H, 4 9, N, 12 35%) The ddactate separates 
from alcohol m crystals, mp 160° (Found N, 4 6, 
Cl, 119 C:,H38N.C1:,2C3H603 requires N, 4 45, 

Cl, 11 3%) The bismuth iodide (No 16), formed by 
addition of excess of potassium bismuth iodide to a 
solution of the lactate in water forms an insoluble red 
powder approximating in composition to B,2HI,Bil3 
(Found base 25 3 B,2HI,Bil3 requires base, 23 8% ) 

1 S-Bis{^-o-chlorophenyletliylamino)octane (No 17) 
The dihydrobromide was obtained in 38% yield by heating 
P-o-chlorophenylethylamine and 1 8-dibromo-octane in 
alcoholic solution It is very spanngly soluble in alcohol 
from which it separates in crystals, m p 266° (decomp ) 
(Found C, 49 8, H, 6 4, N, 4 7 Q,iH3,NjCl2,2HBr 
requires C, 49 4 , H, 6 2 , N, 4 8% ) The dipierate forms 
yeUow crystals from alcohol, mp 154° (Found 

C, 49 3, H, 4 7, N, 13 1 Q4H3iN2a3,2C8H30rN, 

requires C, 49 2, H, 4 6, N, 12 '^ ) The dilactate is 
very soluble m alcohol and crystallizes on addition of 
acetone, mp 171° (Found N, 4 6, Cl, 118 
C34H34N3Cl2,2C3Ho03 requiros N, 4 65 , 0, 11 8% ) The 
bismuth iodide (No 18) prepared in the usual manner 
from the lactate formed an insoluble red powder con- 
taining 26% of base 

1 lO-Bis{^-o-chlorophenylethvlamino)decaiie (No 19) 
The dihydrobromide was obtained m 45% yield from 
1 10-dibromodecane and the appropriate amine, it 
separates from much alcohol m crystals, mp 262° 
(decomp) (Found C, 514, H, 6 9, N, 4 3, Cl, 117, 
Br, 26 4 CijH38N2Cl4,2HBr requires C, 51 1 i H, 6 6, 
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N, 4 6, O, 11 6, Br, 24 15%) The dipicrate forms 
yellow crystals from alcohol, mp 121° (Found N, 
12 4, Cl, 7 5, C26H38 NjQi, 2C^H30 Na requu^s N, 
12 35, Cl, 7 8%) The rf;/ac/a/c (No 19) is deposited 
from hot alcohol m crystals, mp 131° (Found 
C, 61 1 , H, 8 1 , N, 4 7 Cs8H3eN,CI.,2C3HB03 requires 
C, 61 0, H, 8 0, N, 4 45%) Two different bismuth 
iodides were obtained by the addition of varying amounts 
of potassium bismuth iodide to an aqueous solution of 
the lactate Preparation A (No 20) contained 36 6% of 
base and B (No 21) 22 9% of base These correspond 
approximately to compounds of the composition 

B, 2Hl,Bil3 and B,2HI,2Bil3 which require 34 65% and 
23 8% of base respecbvely 

1 6-Bis{^-plienylethylamino)hexane (No 22) 
P-Phenylethylamine (10 g ) and 1 6-dibromohexane 
(10 16 g) m benzene (30 cc) were heated under reflux 
for 2 hours After coohng 1 6-bis(^-phenyletliylamino)- 
hexane dihydrobromide was collected and reciystallized 
from alcohol It forms plates, mp 314-317°, yield 
12 5% (Found C, 541 , H, 7 2, N 6 1, Br, 32 55 
Q3H,3N3,2HBr requires C, 54 3, H, 7 05, N, 5 8, 
Br, 32 9% ) The ddactate (No 23) separates from 
alcohol-acetone in pnsms, m p 155-157° (Found 

C, 66 6, H, 8 95 C3iH32N3,2C3He03 requires C, 66 7, 

H, 8 8%) 

1 l-Bis{§t~phenylethyIammo)heptane (No 24) The 
dihvdrobromide was obtained m 24% yield from 1 7- 
dibromoheptane and p-phenylethylamme by the above 
method It forms plates from alcohol, m p 313° 
(Found C, 55 2 , H, 7 4 Cj3H34N2,2HBr requires 
C, 55 2, H, 7 2% ) The ddactate separates from acetone 
in crystals, mp 150-152° (Found C, 67 3, H, 9 1 
C,,H3.N„2C3H,03 requires C, 67 2, H, 8 9% ) 

1 8-Bis{^pheitylethylammo)octane (No 25) 1 8- 

Diamino octane (4 32 g ), obtained by the action of 
hydrazoic acid on sebacic acid, was heated on a water 
bath for 15 mins with p-phenylethyl bromide (11 1 g) 
and benzene (10 cc) The solid which separated was 
collected and crystallized from alcohol The livdro- 
brontide was thus obtained in leaflets, m p 312°, yield 
27% (Found C, 56 4, H, 7 6 , Q4H3j4j,2HBr 
requires C, 56 0 , H, 7 45% ) The ddactate forms 
needles, mp 150-151° (Found C, 67 8, H, 9 1 
C.iH„N ,2C,H.O, requires C, 67 6, H, 9 1%) 

1 9-Bis{^-phen) letb} lamind)nonane (No 26) 
P-Phenylethylamme (12 1 g ) and 1 9-dibromononane 
(14 3 g ) dissolved m benzene (25 cc ) were left to stand 
at room temperature for 48 hours The crystalhne sohd 
which separated was recrystallized from alcohol to give 
the ddiydrobronude, m p 300-302°, in 21 6% yield 
(Found C, 56 8 , H, 8 05 C25H,8N2,2HBr requires 

C, 56 8 , H, 7 7% ) The ddactate forms clusters of 
needles from alcohol-acetone, m p 134-136° (Found 
C, 68 3 , H, 9 4 QsHjbN , 2C3Hr03 requires C, 68 1 , 
H, 9 2% ) 

1 10-Bis(^-phentlet}nla7nirio)decane (No 27) 
P-Phenylethylamine and 1 10-dibromodecane heated for 
2 hours tmder reflux m benzene solution furnished the 
dibxdrobromide m 13 5% yield after crystallization from 
alcohol, mp 302°-3a4° (Found C, 57 7, H, 7 9 


C26H4oNi,2HBr rcquures C, 57 6 , H, 7 8% ) The ddactate 
forms needles from alcohol-acetone, m p 146° (Found 
C, 68 7, H, 9 1 C23H4i,Nj,2C3He03 requires C, 68 5, 

H, 935%) 

1 8-Bis{'{-phenylpropyIamind)octane (No 28) The 
ddtydrobromide was obtamed in 37% yield by heatuig 
y-phenylpropylamme (4 mols ) with 1 8-dibromo 
octane (1 mol ) m alcoholic solution for 24 hours It 
forms crystals spanngly soluble m alcohol, m p 284° 
(decomp ) (Found C, 57 5, H, 8 2, N, 5 1 , Br, 29 9 
C2,H4oNi,2HBr requues C, 57 6, H, 7 8, N, 5:2, 
Br, 29 5% ) The dipicrate gave yellow crystals from 
alcohol, m p 153° (Found C, 54 3 , H, 5 75 , N, 13 7 
Ci,H4oN2,2C8H,0,N, requires C, 54 2 , H, 5 5 , N, 13 4% ) 
The ddactate crystallizes from alcohol-acetone, m p 147° 
(Found C, 68 5, H, 9 4, N, 5 5 C„H4oNi,2C,H,Oj 
requires C, 68 5, H, 9 35, N, 5I)% ) 

1 lO-Bisiy p/ieny lpropylamind)decane (No 29) The 
dihvdrbbromtde, obtained in a simdar manner in 50% 
yield from 1 10-dibromodecane and the amine, is 
spanngly soluble in alcohol and forms crystals, m p 283° 
(Found C, 59 1, H, 8 2, N, 4 3, Br, 28 4 C-gHjiNs, 
2HBr requires C, 58 9, H, 8 1, N, 4 9, Br, 28 0%) 
The ddactate separates from alcohol-acetone m crystals, 
mp 119° (Found N, 4 8 Cj8H«N.,2C,H,0, 

requires N, 4 8% ) 

1 S-Bis(S-p/ienylbiitylainino)octane (No 30) The 
dihydrobromide was obtained similarly m 32% yield from 
8-phenylbutylamine and 1 8-dibromo-octane It cry 
st^izes from alcohol in needled, mp 281° (decomp) 
(Found C, 58 3, H, 8 0, N, 5 3, Br, 28 9 GjHhN, 
2HBr requires C, 58 9 , H, 8 1 , N,4 9, Br 28 0%) The 
ddactate crystallizes on addition of acetone to a con 
centrated alcoholic solution, mp 149° (Found 
C, 69 5, H, 9 4, N, 5 0 aeH„N.,2C,H,03 requires 

C, 69 35, H, 9 6, N, 4 8% ) 

1 10 Bis(8-phenylbiitvlamino)detane (No 31) The 
dih) drobromide was obtained in 43% yield from S-phenyl 
butylamine and 1 10 dibromodecane It is spanngly 
soluble in alcohol, m p 282° (decomp ) (Found 
C, 60 4, H, 8 2, N, 4 8, Br, 26 9 CMH4,Ni,2HBr 
requires C, 60 2 H, 8 4, N, 4 7, Br, 26 7%) The 
ddactate crystallued from alcohol, m p 125° (Found 
C, 69 8, H, 9 4, N, 4 8 C3„HiaNj,2Q3H,0, requires 

C, 70 1, H, 9 8, N, 4 5%) 

1 8-Bis(e.-phemlcunylamin6)octane (No 32) The 

dihydrobrapiide was obtamed in 73% yield from e 
phenylamylarrune and 1 8-dibroniO-octane It is fairly 
soluble in hot alcohol and separates m crystals m p 258 
(Found C, 60 5, H, 8 0, N, 4 5 Ca,H„N ,2HBr 
requires C, 60 2, H, 8 4, N, 4 7% ) The ddactate ion^ 
stx-sided plates from alcohol-acetone, m p 117° (Found 
C, 70 0, H, 9 8, N, 4 7 C3„H4eNj,2C,H.03'' requires 

C, 701, H, 98, N, 45%) 

1 8-Bls{phenvlmethylamino)octaiie (No 33) 1 

Diamino-octane (2 9 g ) was heated under reflux wim 
benzaldehyde (4 5 g ) for 1 hour to yield 1 8-bis- 
(benzvhdeneamin6)octane which after distillation a 
220-230/0 1 mm ciystalhzed on cooling, m p 30-3 
(Found C, 82 8 , H, 8 8 C~H .Nj requires C, 82 a . 
H, 8 8% ) The ami was reduced with hydrogen (BtUj 
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catalvst) in alcoholic solution On addition of hydro- 
chlonc acid (d 1 2) to the filtered .solution 1 Z-bis- 
{phcmlnic!li\lamii'o)ocianc diln drachlondc was obtained 
mp 276-280"' after crjstallization from alcohol (Found 
C664,H,S5 Cl, 179 QjHajN; 2HC1 requires C, 66 5, 
H 8 6, Cl, 17 9%) The Aore formed crj’Slals, m p 37- 
38 5“ (Found C, 811, H, 9 8, N, 8 5 C:,H3;N- 

requires C, 81 4, H, 9 9, N, 8 6% ) 

1 S-B/sQ' A'-me!U\lcncdtox\phcn\lmcth\lumtnd)- 
octanc (No 34) By a similar procedure, pipcronal was 
converted to 1 4'-mct/i\lcncdio\}hcnz)lidciic- 

amim)octanc mp 111-112“ from alcohol (Found 
C, 70 8, H, 7 2 Q.H.AN. requires C, 70 6, H, 6 9% ) 
Catalytic reduction gave the base, leaflets from alcohol, 
m p 69-70“ (Found C, 69 7 , H. 8 1 , N, 6 6 
CiiHa-OjK; requires C, 69 9, H, 7 8, N, 6 8% ) The 
dih\ drochhndc melted at ca 274“ (Found C, 59 2, 
H, 6 9 Q.H, AN.,2Ha requires C. 59 4 , H. 7 1% ) 

1 B-Bisiy A'-dinietlio vi pJicn i Inicth i lanuno)octanc 
(No 35) Veratric aldehyde was converted similarly into 
1 S-bis{2' A'-dinicthox\bcrz}Iidcncainina)oc,aiic, leaflets 
from alcohol, mp 108 5-109 5“ (Found C, 712, 
H, 8 5 QtHjcOjN: requires C, 70 9 , H, 8 2% ) 

The base, obtained by catalytic reduction of the anil, 
formed leaflets from alcohol, m p 83“ (Found C, 
69 9, H, 9 0 C-cH.oO^N, requires C, 70 2, H, 9 1% ) 
The ddndrochhndc crystallized from alcohol, m p 231- 
232“(dccomp) (Found C 60 5, H, 8 1 , Cl, 14 0 
CcH4oO<N:,2Ha requires C, 60 4, H, 8 2, Cl, 13 7%) 
1 8-Bts('p-niclliox\plien}lmctlivtaiiiino)octaneiNo 36) 
p-Methoxybenzaldehydc with 1 8-diamino-octanc 
yielded 1 8-his(p-metlio\)hen-}lide/>eamino)octane, lea- 
flets from alcohol, mp 64-65“ (Found C, 74 7, 
H 8 3, N, 7 4 Q.Hj-O-Nj requires C, 75 7, H, 8 5, 
N, 7 4% ) Reduction of the anil gave the base, m p 60 5- 
61 “i®, after crystallization from light petroleum (Found 
C, 74 7, H, 9 4, N, 7 1 Q.H^O-N. requires C, 75 0, 
H, 9 4, N, 7 3% ) The dih^droc/dande melted at 275- 
276“ (Found C, 62 8, H, 8 3 Q,H5o02N,,2HCl 
requires C, 63 0, H, 8 4% ) 

1 B-Bis{p-dimetIiylanwiophcnylmethylamiiio)octane 
-(No 37) yi-Dimethylaminobenzaldehyde and 1 8- 
diammo-octane treated m the usual manner gave I 8- 
bis(p-dlnietli} Ianilnobenzvlideneamino)octane which cry- 
stallized from alcohol m yellow leaflets, m p 105-106° 
(Found C, 75 8 , H, 9 3 C.8H38N4 requires C, 76 8 , 

H, 9 4%) Catalytic reduction furnished the base, long, 
fibrous needles from light petroleum, m p 65-66“ 
(Found C, 75 7, H, 10 2, N, 13 2 QjHi.Nj requires 
C 76 1, H, 10 3, N, 13 65%) The tetrahydroc/ilonde 
formed a felted crystalline mass from alcohol, m p ca 
214° (decomp) (Found N, 9 3, Cl, 23 8 QoHj.Ni, 
4HC1 requires N, 9 5 , Cl, 23 9% ) 

1 6-Bts{n-heptyIamind)hexane (No 38) w-Heptyl- 
amine (6 9 g ) was mixed with 1 6-dibromohexane 
(7 3 g ) and xylene (50 cc ) After standmg overnight the 
mixture was heated unde'- reflux for i hour On coohng, 
the dihydrobromide separated, it forms plates from 
alcohol, m p 329°, yield 34% (Found C, 50 6 , H, 9 8 
CioH44N.,2HBr requires C, 50 6, H, 9 8% ) The 
dthydrochlonde crystallizes in shimng plates from alcohol- 


acetone, m p 340“ (Found C, 62 8 , H, 1 1 95 , N, 
7 35, Cl, 18 5 QoH 44N.,2HCI requires C, 62 3, H, 
12 0; N, 7 3 , Cl, 18 4% ) The ddactate (No 39) forms 
colourless needles from acetone, m p 105° (Found 
C, 63 0, H 112 CmH44N,,2C3H«Oj requires C, 63 4, 
H, 1145%) 

1 '>-Bis{y\.-hcpt\lam\nd)heptanc (No 40) The ddtydro- 
bromde was obtained in a similar manner from heptyl- 
aminc and 1 7-dibromohcptane If forms plates from 
alcohol, mp 318“ (Found N, 5 8, Br, 32 8 
CaH4(,N3,2HBr requires N, 6 0, Br, 33 1%) The 
ddactate crystallizes from alcohol-acetone, m p 143-146° 
(Found C, 64 5 , H, 1 1 3 C2iHo8N2,2C3H603 requires 

C, 64 0, H, 11 2%) 

1 S-Dis{n-/icpt\’/amino)octane (No 41) /i-Heptyl- 
amine (4 8 g ) and 1 8-dibromo-octane (5 72 g ) were 
heated under reflux with acetone (30 cc) until solid 
separated After cooling, the ddiydrobromtde was 
collected It forms leaflets from alcohol, mp 308°, 
yield 25% (Found N, 5 8, Br, 32 3 C«H48N3,2HBr 
requires N, 5 45, Br, 31 8%) The ddactate (No 42) 
crystalhzcs from acetone m needles, m p 103-104° 
(Found C, 64 8 , H, 1 1 5 C-H48N2,2C3HcOa requires 
C, 64 6, H, 116%) 

1 9-Bts(n-liepty/amino)nonane (No 43) The ddtydro- 
bronude was obtained from n-heptylamine and 1 9- 
dibromononanc in 25% yield by heaUng m xylene for 
7 hours It separates from alcohol in leaflets m p 305° 
(Found N, 5 6, Br, 314 Q>3H5oNj,2HBr requires 
N, 5 4, Br, 30 9%) The ddactate forms needles from 
acetone, mp 132-134° (Found C, 65 15, H, 12 1 
C3,H5 oN., 2C,H803 requires C, 65 1 , H, 11 7% ) 

1 \Q-Bis{n-heptylammo)decane (No 44) The di- 
hydrobronude prepared similarly in 24% yield from 
w-hcptylamine and 1 10-dibromodecane forms leaflets 
from alcohol, m p 320-322° (Found C, 54 55 , 
H, 10 2, N, 5 5, Br, 30 2 Ci4H62N,,2HBr requires 
C, 54 3, H, 10 3, N, 5 3, Br, 30 1% ) The ddactate, 
needles from dry alcohol-acetone, melts at 138-139° 
(Found C, 65 6 , H, 1 1 8 C2jH5,N2,2CaH603 requires 

C, 65 7, H, 11 8%) 

1 \0-Bis{n-hexyIamino)decane (No 45) The di- 
hydrobromide was obtained in 45% yield from 1 10- 
dibromodecane and /i-hexylamine (4 mols) by heating 
for 16 hours in diy alcohol It forms colourless needles, 
mp 315-317° (Found C, 53 0, H, 9 8, N, 6 0, 
Br, 319 Cj2lii8N.,2HBr requires C, 52 6, H, 10 0, 
N, 5 6 , Br, 3 1 8% ) The ddactate separates from alcohol 
in feathery needles, mp 141-143% (Found C, 64 6, 
H, 1 1 6 , N, 5 1 CH.Hj8N.,2C3He03 requires C, 64 55 , 
H, 11 6, N, 5 4%) 

1 B-Bts{n-octylanuno)octane (No 46) The ddiydro- 
bromide, obtained in 42% yield from 1 8-dibromo- 
octane and «-octylamine (4 mols) m boiling alcohol 
(20 hours), forms plates, mp 314° (Found C, 54 2, 
H, 9 2 , N, 5 5 C24H52N2,2HBr requires C, 54 3 , 

H, 10 3, N, 5 3% ) The ddactate (No 47) separates in 
plates from alcohol, m p 105-106“ (Found C, 65 4, 
H, 1 1 5 , N, 4 7 C2 jH85Ni, 2C3H803 requires C, 65 7 , 

H, 118, N, 5 1%) 
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1 ^-Bis{n-nonylamind)octane (No 48) The dihydro- 
bromide was obtamed simdarly from //-nonylamme and 
1 8-dibromo-octane m platelets, m p 310-312° (Found 
C, 56 4, H, 9 3, N, 4 95, Br, 28 8 C„H5,N.,2HBr 
requires C, 55 9, H, 10 5, N, 5 0, Br, 28 6%) The 
ddactate (No 48) forms short thm needles from dry 
alcohol-acetone, mp 109-111° (Found C, 66 4, 
H, 11 95, N, 4 5 C>eHjeN2,2CjH803 requires C, 66 6, 
H, 119, N,49%) 

1 10-Bis(n-imdecylammo)decane (No 49) 1 10- 

Diaminodecane (4 3 g ) m amyl alcohol (26 cc ) was 
boded under reflux and n-undecylbromide (11 8 g ) added 
gradually during 6 hours Heating was conhnued for a 
further 18 hours On coohng the dihydrobromtde separ- 
ated as a mass of crystals which after recrystaUization 
from isopropylalcohol and from alcohol formed featheiy 
needles, mp 302-305°, yield 20% (Found C, 59 85, 
H, 1105, N, 46, Br, 252 CjjHosN ,2HBr requires 
C, 59 1, H, 11 0, N, 4 4, Br, 24 9% ) 

1 \0-Bis{T-elhyl-n-hexylamm6)decane (No 50) 1- 

Bromo-2-etbyl-n-hexane (19 3 g) and 1 10-diammo- 
decane (8 6 g ) were heated under reflux in benzene 
(50 cc ) for 15 hours After removmg the benzene, the 
residue was heated for 15 mmutes with 2% alcohohc 
sodium hydroxide, the alcohol distilled off and the bases 
extracted with ether The residue from the ether was 
extracted with hot Iigrom (b p 90-120°), cooled, filtered 
from diaminodecane and then treated with dry HCl 
The ddiydrochlonde which separated formed fine needles 
from water, mp 128-132°, yield 10% (Found C, 66 3, 
H, 12 1, N, 6 0, Cl, 15 4 CjJl58N,,2HCI, requires 
C, 66 5, H, 12 4, N, 6 0, Cl, 15 1%) ThQ dihydro- 
bromide crystallizes from alcohol m fine needles, mp 
169-172° (Found C, 56 3 , H, 10 5 , N, 5 3 , Br, 28 6 
C.tH5eNs,2HBr requires C. 55 9, H, 10 5, N, 5 0, 
Br, 28 6%) 

1 \0-Bis(tnallyIcarbinamino)decaiie (No 51) 1 10- 

Dibromodecane was heated in alcohohc solution with 
7 mols of tnallylcarbinarame (Henze, Allen and Leslie, 
1943) for 24 hours The solvent was removed and the 
crystaUme residue shaken with ether and sodium 
hydroxide The ether on evaporation left an oil from 
which excess of tnallylcarbinamme was removed by 
distillation under reduced pressure at an oil bath tem- 
perature of 140° The residue was converted to dthydro- 
cbloride, colourless crystals from water, m p 246-251° 
(decomp) (Found C, 70 0, H, 10 5, N, 5 5, a, 13 5 
CjoH 8.N.,2HC1 requnes C, 7015, H, 10 6, N, 5 5, 
Q, 13 8% ) The dmitrate forms clusters of crystals from 
water, mp 190° (decomp) (Found C, 63 8, H, 9 85, 
N, 10 0 CmHs.Nj, 2 HN 03 requires C, 63 6, H, 9 6, 
N,9 9%) 

1 10-Bis(geran} lammo)decane (No 52) 1 10-Di- 

bromodecane was heated under reflux for 24 hours with 
4 parts by weight of geranylamuie Addition of ether 
precipitated a mixture of hydrobromides which on 
recrysfalluiabon from iropropylalcohol gave silky plate- 
lets of bis(jgeran) lamino)decane ddty drobromide, m p 218° 
(Found C, 59 3, H, 9 4, N, 4 6, Br, 26 7 C,„H„N„ 
2HBrrequuBsC, 59 4, H, 9 6, N, 4 6, Br, 26 35%) 


1 9-Bis(n-octyIaniind)-2 S-dimethyInonane (No 53) 
2 8-Dunethyl-l 5-dibromononane (5 4 g ) and n octyl- 
amme (17 78 g ) m dry alcohol (30 cc ) were heated under 
reflux for 16 hours, the solvent removed and the residue 
shaken with "fether and alkali After removing the ether, 
excess of octylamine was dishlled off under reduced 
pressure (12 0 g bp 96-98°/45 mm ) and the residue 
converted to ddty drobromide After recrystaUization 
from isopropyl alcohol the salt was obtamed in 60% 
yield, mp 248-251° with previous smtenng (Found 
C, 56 5, H, 10 35, N, 4 7 C.7H58Ni,2HBr requires 
C, 56 6, H, 10 6, N, 4 9%) 

1 l(y-Bis(n-octyIammo)-2 9-dimethyldecane (No 54) 
The dihydrobromtde was obtamed in a sunilar manner 
from 2 9-dimethyl-l 10-dibromodecane, in 50% yield 
It forms fine needles from isopropyl alcohol, m p 242- 
244°, with previous smtenng (Found C, 57 65, 
H, 10 7, N, 5 05 C.8He„K,2HBr requires C, 57 3, 
H, 10 7, N, 4 8%) 

1 8-Blsicyclobexylamtno)ociaiie (No 55) was obtamed 
from 1 8-dibromo-octane and cyclohexylamme After 
removal of excess cyc/ohexylamme the base was distilled 
at about 200°/0 2 mm (yield 84%) After a second 
distillation the base crystallized on coohng, m p 27-28° 
(Found N, 8 9 cioILoN. requnes N, 91%) The 
diliydrocltloride forms colourless crystals from hot alcohol 
in which it IS sparingly soluble, m p 284-285° (Found 
C, 63 0, H, 111, a, 18 6 C-(,Hj„N|i,2HCl requires 
C, 63 0, H, 11 1, a, 18 6%) 

1 10-Bis(cyc]ohe\vlamino)decane (No 56) was ob- 
tained m a sunilar manner from 1 10-dibromodecane m 
95% yield The base boils at ca 205°I0 2 mm and 
crystallizes on coohng, m p 35-36 5° (Found C, 78 3 , 
H, 13 1 QsHmNj requires C, 78 5, H, 13 2%) The 
dihydrochlonde forms colourless crystals from alcohol, 
mp 322° (decomp) (Found C, 64 7, H, 113, 
Cl, 17 45 C%H«N.,2Ha reqhires C, 64 5, H, 11 3, 
a, 17 3%) 

1 10-N N'-Dimorp/tolyldecane (No 57) 1 10 Dibro- 

modecane (4 5 g) was heated under reflux for 12 hours 
with morpholme (5 22 g ) and dry alcohol (15 cc ) Some 
morphohne hydrochloride separated The mixture was 
made alkahne with NaOH and steam distilled to remove 
morpholine and alcohol The residue was extracted with 
ether and the base converted to dihydrochlorlde which 
separates from dry alcohol in needles, m p 240-242 
(decomp) yield 84% (Found C, 5615, H, 10J3 
N, 7 4, a, 18 25 Ci 8H,802N ,2HC1 requires C, 56 1 , 

H, 9 9, N, 7 3, Cl, 18 4%) ^ 

1 l(y-Bis{^-diethylam!noetlnlammo)decane (No 58) 

1 lO-Diammodecane (8 2 g ) m benzene (50 cc.) w« 
mixed with freshly prepared p-diethylaminoethyl chlonde 
and left overnight Potassium carbonate (7 9 g ) was 
added and the mixture heated under reflux for 20 hours 
After removmg the benzene the residue was shaken with 
ether and sodium hydroxide solution The ether w^ 
dned and evaporated, and the residue distilled A 

fraction bp 200-240°/6mm was collected and converted 
to tetrain-drobromlde It forms microscopic needles from 
amyl alcohol, m p 190-192° (3 5 g) (Found C, 37^. 
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H, 8 0, N, 8 9. Br 45 6 C»HMN,,4HBr requires 
C. 38 0, H, 7 8, N, 8 1, Br, 46 0%) 

1 5-Bis{n-oct\lamino)ppiitaiic (No 59) Cadavenne 
(10 b) in absolute alcohol (5 cc) was heated under 
reflux for 7 5 hours mth w-octyl bromide (3 8 g ) The 
diln clrobromidc separated from alcohol in flat needles, 
m p 329-332“ (decomp ), yield 15% (Found Br, 33 6 
CnHj(,N-,2Hflr requires Br, 32 7% ) By healing I 5- 
dibromopcntanc with /;-oclylamine only /V-octylpipcn- 
dinc, bp 136-8^8 mm w-as obtained The hydro- 
chlondc had mp 189-19r (c f v Braun and Buch- 
mann, 1931 ) 

I 2-Bis(n-prop\ fainmo)propaiic (No 60) The dt/i\dro- 
broimdc was obtained b} adding 1 3-dibromopropane 
(20 2 g.) slowly dunng 2 5 hours to a boiling solution of 
n-prop\ lamine (118 g) m benzene (20 cc) The 
mixture was heated for a further 4 hours, the hydro- 
bromide filtered off and rccristalhzcd from alcohol It 
forms plates, mp 304° (7 0 g) (Found N, 8 75, 
Br, 49 7 CBH:-N;,2HBr requires N, 8 75 . Br, 50 0% ) 

1 3-Bis(n-/icpt\ lamino)propanc (No 61) /i-Heptyl- 
amine (115 g ) W'as mixed with 1 3-dibromopropane 
(10 1 g) in benzene (10 cc) The muxturc developed 
heat, It was left to stand for several daj's, the mush of 
crystals filtered off and washed with water to remove 
hcptylaminc hydrochlonde The residue of 1 3-bis(n- 
hept\ lamino)propane diindrobroiiuda furnished platelets 
from alcohol, m p 320-322° (Found C 47 25 , 
H, 8 9, N, 6 75, Br, 37 25 Q;H,sN ,2HBr requires 
C, 47 2, H, 9 3, N, 6 5, Br, 37 0%) 

1 3-Bis(n-tndccylanuno)propaiie (No 62) The di- 
hydrobromide was obtained in 65% yield by heating 
1 3-dibromopropane and n-tndecylaminc m dry alcohol 
for 18 hours After two crystallizations from alcohol it 
formed platelets, m p 304-307° (Found N, 4 8 
CjjH52N2,2HBr requires N, 4 7%) The ddactate 
separates from alcohol m rosettes of stout needles, 
m.p 148-150°, very spanngly soluble m water (Found 
C, 68 0, H, 12 0, N, 4 8 G,Ho-N„2QH803 requires 
C, 67 9, H, 12 05, N, 4 5% ) 

1 \Q-Bis(di-n-biit\lammd)decane (No 64) This was 
obtained by the method of B P 433,086 The acid 
succinate separates from ethyl acetate in oily drops which 
slowly crystallize After washing with acetone the salt 
had mp 81-86° (Found C, 64 5, H, 10 3 
C26H5 oNj, 2C,H,04 requires C, 64 5, H, 10 8%) 


Summary 

J Several senes of secondary diamines for- 
mally related to emetine have been prepared and 
tested against Entamoeba histolytica both in vitro 
and in vivo 

2 Selected members of the series have also been 
tested against experimental infections with try- 
panosomes, Jcishmania and malaria 

3 Bis ( /3 - 3 4 - dimethoxyphenylethylammo) - 
alkanes in which the hydrocarbon chain contained 
6 to 10 carbon atoms were active The corre- 
sponding 4-monomcthoxy compounds were less 
active 

4 Bis ( /3 - phenylethylamino ) alkanes also 
showed activity which was increased by the intro- 
duction of chlorine into the ortho- or para- posi- 
tions of the benzene ring The ortho- compound 
was most active but also more toxic Bis(phenyl- 
alkylamino)alkancs with either a greater number 
or fewer carbon atoms between the nucleus and 
the amino group were less effective 

5 Bis(alkylamino)alkanes containing 7 or 8 car- 
bon atoms in the alkyl groups and 6 to 10 carbon 
atoms m the connecting cham also showed activity 
This was slightly higher in vivo than that of the 
bis(^-phenylethylamino)alkane series but results 
at low dose-levels were erratic 


We are indebted to Dr H King for a gift of 1 10- 
bis(/i-amylamino)dccanc dihydrochlonde (No 65) Our 
thanks arc also due to Messrs P Amsden, P Hankin, 
J M Judd, R Nicholson, R Penfound, F J Peters, 
K Pratlcy, A G Turner, C F Varney and the Misses 
S Pluthero and R Shipman for much assistance m the 
expenmental work 
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1 II-Diamidmoundecane (I) and 1 10-bis(di- 
7?-amy]ammo)decane (II) are similarly constituted 
in that both contain two terminal basic radicals 
separated by a long chain of methylene groups 
The former was shown by Kmg, Lourie, and Yorke 
(1937) to be an active trypanocide m high dilution 
and the latter by Pyman (1937) to be an active 
amoebicide Later Ashley, Barber, Ewins, New- 
bery, and Self (1942) modified the structure 

NHv . 

>C-(CHj)„.C<' 

NH./ \ 


NH, 

NH,’ 

NH^ 

NH/ 

NH 

NH. 


yc^ ^O(CHt), 


QH„. 

C,Hi/ 

N-(CHj).o-N^ 


n 

:h ch<^ 

V /^NH 

==/ \nh, 

m 


i(CHJ,0^ 

. /NH 

y/ 

=/ \nh. 

rv 

X /NH 




NH, 


of (I) by interrupting the chain with phenyl and 
phenylether groups, and obtamed such compounds 
as 4 4'-diamidinostUbene (“ stilbamidine ”) (lU), 
4 4'-diamidmodiphenoxy-propane (“ propami- 
dine ”) (IV) and -pentane (“ pentamidine ”) (V) 
which were shown by Loune and Yorke (1939) 
to have greatly enhanced trypanocidal activity 
We ha\e now studied the effect on amoebicidal 
activity of similar changes m the structure of 
1 10-bis(di-/i-amyl^mo)decane, and of the 
corresponding secondary bases A few denved 
quaternary ammonium salts have also been 
included The methods of testing were those 
described m Part I by Goodwin, Hoare, and 
Sharp (1948), and the results are given in Table I 


Discussion of Results in Table I 

The results with the standard substances 1 10- 
bis(di-/i-butylaituno)decane (No 64) and 1 10-bis 
(di-/i-amylamino)decane (No 65, 11) showed the 
compounds to be much less active in vitro than 
Pyman’s results indicated This may be due to 
the fact that the cultures used by Pyman contained 
a mixed bactericidal flora, whereas our tests were 
made upon a culture of amoebae with a single 
strain of Bact coh These compounds had no 
significant activity in vivo 

The tertiary aromatic amines (Nos 61-13) were 
found to be completely inactive, both in vitro at 
a concentration of lO"^ and tn vivo in high doses, 
and a similar inactivity was found in the senes- of 
tertiary aromatic ammes contaimng ether group- 
ings (Nos 74-81) These are weak bases, but the 
more strongly basic tertiary araliphatic compounds 
(Nos 82-84) also showed no significant activity 

Since all the active compounds recorded m 
Part II were secondary amines a number of secon 
dary aromatic amines were prepared (Nos 85-92) , 
here a slight in vitro activity became apparent 
when the alkyl group was amyl (No 92) or heptyl 
(No 89), but the compounds had practically no 
action in vivo Nos 86, 87, and 90, which, m 
addition to the two secondary amino-groups, carry 
two tertiary ammo-groups, agam had but slight 
activity TTie length of the cham connecting the 
benzene rings seems to have little or no influence 
in these senes 

In the group of secondary araliphatic amine 
(Nos 93 to 106), the majority of the compoun s 
had a moderate degree of in vitro activity, two 
showed a slight in vivo activity at high dose ley^ 
(Nos 103 and 104), and in two cases (Nos 
and 105) there was a high in vitro activity hot 0° 
action in vivo This group shows clearly that o 
111 vitro test taken alone is inadequate as a 
of assessing the value of a new drug In 
above instance activity is shown by a group 
compounds therapeutically useless , m Part 
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TABLE I 


Columns 6 and 7 signifies improvement, no 

improvement 

Columns 10 and 11 ” signifies no activity at a concen- 

tration of 10 * 


Column 12 “1” signifies no activity agamst T equiperdum 


“ 4 " 

“5” 
“6 ’ 


T rhodesiense 
T congolense 
T cmzi 
Leishmama 
donovani 
Plasmodium 
gallmaceum 


Substance 

( 1 ) 

Ref 

No 

( 2 ) 

Approx 
LD50 
(mg /kg ) 

t 

Amoebicidal tests 

1 

Other 

tests 

( 12 ) 

in vi\o 

in vit 

ro 

Oral 

(3) 

Sub- 

cut 

(4) 

% 

diet 

(5) 

Caecal 

condition 

Rats 

clear 

( 8 ) 

% 

(9) 

Amoe- 

bicidal 

cone 

( 10 ) 

Bact 

-cidal 

cone 

j ( 11 ) 

Walls 

( 6 ) 

Conts 

(7) 

(C,H,) N(CH^joN(QH,)., 2 C.H 0 O 4 

64 1 500 

930 1 

05 

— 

— 

3/6 

50 

10 -‘ 

— 


1 

(QFIn).N(CH,).oN(QH,i),, 2HCI j 

65 



05 

02 

0 1 

+ 

-f 

-f 

4- 

3/7 

7/14 

3/12 

40 

50 

25 

1 

10 ® 

— 


Tertiary aromatic amines j 

j , 2HCI 

67 

180 

>2000 

05 

!02 

0 1 

— 

— 

0/3 

0/4 

0/7 

0 

0 

0 

1 

— 

— 

1,3,4, 

5,6 

, 2HC1 

68 

2000 



i 

— 

8/11 

75 

— 

1 


^(QHb),N<^^ CH 2 , 2 HCI 

69 




Toxic 

1 

1 

2/8 

0/7 

1 

25 

i 0 

— 

— 

1,4T6 

CH 2 . 2 HO 

1 

70 

1 



1 

05 

— 

— 



— 

— 

5 

(CHj)=, 2HCI 

71 

350 

>2000 

1 

0 1 

— 

— 



— 

— 

1,6 

(|c5Hn)2N<^ y-j (CHi)j,2HCl 

72 

>2000 

>2000 

05 

— 

— 


20 ; 

1 

1 

— 

1,3 

(^(C4H9)2N<^ ^CH=j,2HCI 

73 

350 


02 

— 

— 

0/6 

0 

— 

i 

1,5,6 

Tertiary amino phenyl ethers 
^(QH9)aN^ j 0 , 2HC1 

74 

230 

>2000 

1 05 
02 

— 

— 

0/6 

1/5 

0 

20 

1 

— 


^ j 0 , 2Ha 

75 

165 


m 

— 

— 

0/6 

0 

— 

— 

1,3 

^(C4H9),N^ ^ 0 -^ CH9,2Ha 

76 



B 

— 

— 



— 

— 

1,3 
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Substance 


in vno 


Caecal 



( 2 ) 


I 

CH., 4HCI 1 90 


(CH)i, 2HCI 




Amocbicidal tests 


(CH.),, 2HC1 


92 > 2000,>2000 0 5 


Secondary araliphalic amines 

QHjNH CH.<^ ^CH'jNH Q,H-, 2Ha 


QH.NH OA^ ^CH.NH C«H,. 2Ha 94 350 


CjjHiiNH CH.<^ QH,., 2HC1 95 230 175 0 5 


,2ua 

2 


,2HO 


Vl CHj,2HCl 
1 


CH., 2HC1 



93 

550 

94 

350 

95 

230 



97 930 810 0 5 

02 
01 


99 933 


CH,, 2Ha 100 


CH,,2Ha 


(CHj)!, 2HCI 


(CH,)2, 2HC1 



103 80 120 0 5 

02 


Rats 

clear 

(8) 

% 

(9) 

Amoe- 

bicidal 

cone 

(10) 

0/6 

0 

10-^ 




1/4 25 
4/5 80 


6 35 
5 20 


3 35 10-* 


Toxjc 

2/5 40 10-" 

3/7 40 








2/13 15 


8 60 10-^ 
4 0 
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TABLE I — continued 


Substance 

(1) 

Ref 

No 

(2) 

Approx 
LD50 
(mg /kg ) 

Amoebimdal tests 

Other 

tests 

(12) 


in vivo 



in Ml 

fro 

Oral 

(3) 

Sub- 

cut 

(4) 

diet 

(5) 

Caecal 

condition 

Rats 

clear 

(8) 

% 

(9) 

Amoe- 

bicidal 

cone 

(10) 

Bact 

-cidal 

cone 

(11) 

Walls 

(6) 

Conts 

0). 


104 

1 

■ 



+ 

+ 

3/4 

1/8 


10-“ 

-- 



105 

>2000 



- 

- 



10-“ 

- 

6 

)>NHCH3<f y')(CHA.,2Ha 

106 

470 

1000 


Toxic 

-b 

-b 

+ 

-b 


40 

55 

10 “ 

- 


Qiiatemarv atiimoniim saits 

(a^OO-O" 


>2000 




- 

4/5 

80 

10 ^ 

1 

3 






-b 

— 


100 

0 

0 

10-* 

- 

2,3 

1 , 3,6 

„ (CH,). i: 

109 

20 

■ 


— 


1/10 

10 

10-* 

- 

CH, 

^ CHj Ci; 

110 

1 

1 


- 

- 

4/8 

50 




was shown that diodoquin, although active in vivo 
had no appreciable in vitro acbvity 

The quartemary ammonium salts (Nos 107- 
110) were slightly more active than the correspon- 
ding tertiary bases (Nos 67, 70, 72, and 84) 

Chemical Section 

Aromatic amines 

NNN'N'-Tetra-n-biit} /benzidine (No 67) Benzidine 
(1 84 g , anhydrous) was refluxed in n-butanol with a 33% 
excess of n-butylbromide (7 3 g 1 and potassium carbonate 
(3 7 g ) for 16 hours The filtered solution was evaporated 
and the residue shaken with ether and aqueous sodium 
hjdroxide to isolate the crude product which was then 
dissolved in light petroleum (b p 40-60°) and passed 
through a column of activated alumina The base 
(3 2 g , 78%), which exhibited a blue fluorescence m 
organic solvents, was obtained on evaporation of the 
petrol solution it crvstalhzed from alcohol in flakes 
mp 58 5° (Pound C, 82 2 H, 10 8 


requires C, 82 3, H, 10 9%) The diparate, which 
crystaUized m yellow flakes from alcohol, had m p 203- 
204° (decomp) (Found C, 55 4, H, 5 9, N, 12 9 
CjbHjiNj, 2 C 8 H 3 O 7 N 5 requires C, 55 4, H, 5 8 , N, 12.9%) 
The dihydrochioride, m p 240-250° (decomp ), 'vas 
readily soluble in alcoholTiut suffered partial hydrolysis 
m aqueous solution (Found N, 6 1 , Cl, 14 9 CtsHn^-' 
2HC1 requires N, 5 8 , Q, 14 8 %) The base reacted with 
methyl iodide in benzene to form a monoiiiethiodide 
(No 107) which crystallized from ethanol, m p 146-147° 
(after drymg at 100° in vacuo) (Found C, 63 3, 

H, 8 5 , I, 24 3 C^sH.iNj.CHjI requires C, 63 3 , H, 8 6 

I, 23 1°/) 

An alternative method of obtammg tetra-zi butylben- 
zidine utilized the oxidative procedure of Ulhnann and 
Dieterle (1904) and of Frohhch (191 1) Di-/;-butylaniline 
(4 1 g ), concentrated sulphuric acid (20 g ), and turpentine 
(0 1 g ) were heated together at 190-200° for 4i hours 
The mixture was made aUcahne and, after removal 0 
unchanged dibutylanfline by steam-distillation, tn 
residual mass was dried, powdered and extracted wi 
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benzene (Soxhlel) The dark extract was craporated 
and the residue, decolorized by filtration of its solution 
in light petroleum through alumina, consisted of 
NNN'N'-tetra-w-butylbenzidine (2 6 g , M%) 
NN'-Di-n-buiylbcnzidtrc (No 85) When benzidine 
was butylated with only half the above quantity of 
/i-butyl bromide the resulting mixture of bases was only 
partially soluble in light petroleum (b p 40-60°) When 
the undissohcd substance was dissolved in benzene and 
passed through a column of alumina some unchanged 
benzidine remained in the column, while the benzene 
carried through NN'-di-n-butvIbcnzidinc, which crystal- 
lized from alcohol m laminae m p 72° (Found C, 
810, H, 9 8 CoHsN. requires C, 81 0, H, 9 5%) 
The ddiydroddondc crystallized from ethanol in fine 
needles m p ca 280° (decomp ) (Found C 64 4 , 
H, 8 4 CoH„N:,2HCl requires C, 65 0, H, 8 2% ) 

The base was also obtained in small yield by the 
oxidation of /i-but>lanilinc with sulphuric acid in the 
manner previously desenbed 

NNN'N'-Tctra-n-amylben7idine (No 68) The amyla- 
tion of benzidine was earned out in a similar manner to 
the butylation, using a 33% excess of /i-amylbromide in 
n-butanol The base obtained on removal of the petro- 
leum was distilled at ca 270°/0 5 mm , and was obtained 
as an oil (Found C, 83 0, H, 1 1 5 , N, 6 3. Q.HsjN, 
requires C, 82 7, H, 113, N, 6 0%) The dipwrate 
crystalhzed from ethanol in small yellow pnsms m p 186- 
187° (Found C, 57 4, H, 6 3, N, 12 5 Cj-He.N., 
2QH,0;N3 requires C, 57 3 , H, 6 3 , N, 12 1°^) The 
ddndrochlorlde, mp 230-235° (decomp), crystallized 
from ethanol on addition of ether (Found C, 70 9, 
H, 10 0 Q,.Hb.Nj, 2HCI requires C, 71 5 , H, 10 1% ) 

Bis(p NN-di-n-bi(lvIamiiiophenyr)methane (No 69) 
This was prepared according to Reid and Lynch (1936) 
and, m 75% yield, by the butylation of bis(p-amino- 
phenyl)methane The base was obtained as an oil, 
bp 280-320°/20 mm (Found C, 82 7, H, 114 
Calc C, 82 4, H, 1 1 0% ) The dipicrate, golden flakes 
from ethanol, had m p 183-184° (Reid and Lynch, 1936, 
recorded m p 156°) (Found C, 55 8 , H, 5 9 , N, 12 8 
Calc C, 55 9, H, 6 0, N, 12 7% ) T\\q ddn’drochlonde 
mp ca 220° (decomp ) was very soluble in ethanol and 
m water (Found O, 14 6 C.9H)6N2,2HC1 requires 

a, 14 3% ) 

Bis{p-NM-dt-r\-amyIanunophenyl)niethane(No 70) The 
base, obtained by amylation of bis(/i-aminophenyl)- 
methane with a 33% excess of //-amylbromide in the 
manner previously described, formed a viscous oil 
(Found C, 83 1 , H, II 2 C33HMN2 requires C, 82 8, 

H, 114%) The ddivdro -blonde crystallized from 
ethanol, m p 203° (decomp ) (Found Cl, 13 0 
C33 HmN 2,2HCI requires Cl, 12 9% ) The dimeihwdide, 
flat jagged needles from ethanol, had m p ca 140° in a 
sealed tube (softening at 70-75°) (Found N, 3 8 , 

I, 33 4 C33 Hb 4N2,2CH3I requires N, 3 7, I, 33 3%) 
The dimethochlonde (No 108) was prepared from this 
by the usual procedure 

Butylation of a ^-bis{p-anunophenyl)etbane Butyla- 
tion carried out by the standard method previously 
desenbed gave an oil which distilled at ca 230° /O 01 mm 


The distillatc,a ^-his(p-NH-ii-n-b!itylaminopbeny[)ethane- 
(No 71), crystallized fromrethanol in laminae m p 34 5- 
35 5° (Found C, 82 5, H. Ill, N, 6 7 C30H48N2 

requires C, 82 5 , H, 1 1 1 , N, 6 4% ) The base and iti 
solutions in ether or alcohol exhibited a strong violet 
fluorescence The dipwrate crystallized from ethanol in 
golden needles or laminae mp 173 5-174 5° (slow 
hcating) with rapid heating dimorphic change occurred 
at 174-175° and the mp was 188-189° (Found 
C, 56 7, H, 6 3, N, 12 6 C3oH48N2,2C6H30-N3 requires 
C, 56 4, H, 6 1 N, 12 5%) The dihydrochlonde, 
soluble in ethanol and in water, had mp ca 231° 
(decomp) (Found Cl, 13 9 C3oH48Ni,2HCl requires 
Cl, 13 1%) 

When a (3-bis(/7-aminophenyI)ethane (115 g) was 
heated with /i-butylbromidc (35 g , 16% excess) in an 
autoclave at 200° for 40 hours the resulting mixture of 
bases reacted readily with acetic anhydride to give an 
oily product which was treated several times with warm 
light petroleum (b p 40-60°) Solid material crystallized 
from the petrol on standing and, on evaporation, the 
filtered solution gave an oil which was mainlv a (3- 
bis(/i-NN-di-//-butylaminophenyl)ethane The solid, 
material (12 8 g ) was crystallized from benzene/light 
petroleum to give a ^-bis{p-N-r\-butylacetamidopheny[)- 
ethane in needles m p 85-86° (Found C, 76 2 , H, 9 0 r 
N, 6 8 QoHsoOjNj requires C, 76 4 , H, 8 9 , N, 6 9% ) 
On deacetylation with alcoholic hydrochlonc acid this 
derivative gave a ^-his{p-N-n-btitylanuHopliery[)etbane 
(No 91) which formed crystals m p 86-87° from aqueous- 
ethanol (Found C, 81 3, H, 9 6, N, 8 6 C^HsaN^ 
rcquircsC, 81 5, H, 9 9, N, 8 6% ) The dihydrochlonde- 
had mp ca 235° (decomp) (Found Cl, 18 3^ 
C.3H32N.,2HCI requires Cl, 17 8% ) 

Amylation of a ^-bis{p-aminophenyl)ethane Tho 
standard amylation procedure did not in this case bnng^ 
about complete reaction, a further treatment with 
«-amyI bromide was found to be necessary a p-B/s(p- 
NN-di-n-ainylaniinoplienvl)etliane (No 72) crystallized 
from 80% alcohol m jagged needles m p 40° showmg a 
strong violet fluorescence (Found C, 83 0, H, 11 6 . 
CjbHsbNj requires C, 83 0, H, 11 5%) The dwwrate,. 
yellow needles from ethanol, had m p 207-208° (Found 
C, 58 0, H, 6 7, N, 12 1 C34H88N2,2CeH307N3. 

requires C, 58 1 , H, 6 6, N, II 8%), and was used in 
separating the pure base from the incompletely amylated 
reaction product The diltydrochloride had m p 214— 
215° (Found Cl, 12 4 C34 Hb 8 Nj, 2HC1 requires 
Cl, 12 5%) The dimetiuodide (No 109) separated as a 
crystalhne powder m p 158-160° (decomp ) on addition 
of benzene to its alcoholic solution (Found C, 55 2; 
H, 8 0, I, 32 3 C34H5 ‘oNi, 2CH,I requires C, 55 7, 
H, 8 1 I, 32 7% ) 

When the products of the incomplete reaction m light 
petroleum (b p 40-60°) were passed through a column oT 
alumina, a <^-bis{p-N-n-amvlamino'ihenyl)etliane(^o 92) 
was adsorb^ The base was recovered by elution with 
ether/hght petroleum and crystallized from ethanol in 
laminae m p 86° (Found C, 81 8, H, 10 2, N, 8 2 
C24H3,N2 requires C, 81 8, H, 10 3, N, 8 0% ) The 
dihydrochloride had m p ca 240° (decomp ) (Found r 
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N, 7 0, a, 17 0 Q;jHs,N,,2Ha requires N, 6 6, 

a, i6r/„) 

Trans-4 4'-bis{di-n-biit}<!anmo)stllbene (No 73) This 
was obtained on applying the standard butylation 
procedure to tratis-4 4'-diaiiunostilbene The base, 
which exhibited a strong violet fluorescence in organic 
solvents, crystallized from ethanol in opaque laminae 
mp 70-7r (Found C, 82 8, H, 10 7, N, 6 6 
CjoH^N. requires C, 82 9, H, 10 7, N, 6 5% ) The 
cbplcrare, small golden needles from much ethanol, had 
mp ca 213° (decomp) (Found C, 56 6, H 60, 
N 12 4 C3oH4BN.,2CeH307N3 requires C, 56 5, H, 5 9, 
N, 12 6% ) The dihydrochlonde had m p 240-242“ 
(Found N, 5 7 a, 13 9 C,oH,,N.,2HCl requires 
N, 5 5, a, 14 0%) 

Tertiary aromatic amines derived from phenyl ethers 

Bi':(p-a/r,inoplienoxy)alKancs The bis(p-aminophen- 
oxy)alkanes used were prepared by the method descnbed 
by Kmzel (1898) for the preparation of a p bis(p- 
aminopheno\y)ethane a.'(-Bis(p-nitrophenox)’)propane 
from sodium p-mtrophenate and 1 3 dibromcjpropane 
forms anhydrous crystals from alcohol, m p 132“ 
(Found C, 56 6 , H, 4 8 , N 8 8 QsHnOjN-. requires 
C, 56 6 , Ft, 4 4 , N, 8 8%) aY-Bis(p-acetamidophenyl)- 
propane, mp 183“, was obtained m 87% yield by 
reduction of the above nitro compound with powdered 
iron and acetic acid (99%) On hydrolysis with hydro- 
chlonc acid it yielded ay-bis(p-ambiopbenyf)propane 
dihvdrocldoride, m p 268° after reciystallization from 
water, yield 75% (Found C, 54 6, H, 6 2, N, 8 2, 
Cl, 21 4 CisHieO Nj,2HCI requires C, 54 4, H, 6 I, 
N, 8 5, Cl, 21 4%) 

Bis(dia!hvlaminophenyf)ethers (Nos 74-81) The 
general method for the preparation of these compounds 
IS illustrated by the following example To a boilmg 
solution of 4 4'-diarrunodiphenylether (4 g) and n- 
butylbromide (22 g) in alcohol (25 cc), a solution of 


sodium (2 5 g ) in alcohol (80 cc ) was added at such a 
rate as to mamtam a shghtly alkahne reaction After 
12 hours the alcohol was removed and the residue 
diluted with water and extracted with ether After 
distilhng off the solvent the base was dissolved m light 
petroleum (bp 40-60°), passed through a column of 
alumina and punfied as picrate The picrate was then 
converted to hydrochlonde m the usual manner The 
properties of the compounds are given m Table IT 

4 4'-Bis(^-diethy/aminoethoxy)diphenvl (No 82) 4 4'- 
Dihydroxydiphenyl (6 2 g ) was treated with sodium 
(1 6 g ) in ethanohc solution 'The solution was refluxed 
overnight with p-diethylammoethyl chlonde (from 14 3 g 
of the hydrochlonde) The concentrated solution was 
made alkaline and extracted with ether, the resultmg oil 
(3 5 g ) dissolved m light petroleum (b p 40-60°) was 
passed through a column of alumma The base (2 9 g , 
23%) obtamed on removal of the solvent gave crystals, 
m p 45 5°, from aqueous alcohol (Found C, 75 0, 
H, 9 4 N, 74 - G^HaeOaN, requires C, 750, H, 94, 
M. 7 3%) The dibydrochioride had m p 244-245° 
(decomp) (Found C, 63 4, H, 8 6, O, 15 7 
GiH„OjNj,2Ha reqmres C, 63 0, H, 8 4 G, 15 5% ) 

Tertiary aralipbatic amines 

4 4'-Bis(di-n-biityIaminomethy!)dlphenvl (No 83) 4 4'- 
Bis(bromomethyl)diphenyl (3 4 g ) and dibutylanune 
(2 75 g ) m toluene (50 cc.) were heated under reflux for 
10 hours The somewhat oily solid ivas filtered off, 
washed with hot toluene and reciystallized from acetone 
The dihydrobromide separated m long shining rods, 
mp 227“ (Found C, 60 45, H, 9 0,- Br, 26 J 
Q>oH„N.,2HBr reqmres C, 60 2 , H, 8 4 Br, 26 7% ) 

4 4'~Bis(N-pipendtnomethyr)diphenylmethane (No 84) 

A solution of 4 4'-bis(bromomethyl)diphenylmethane 
(7 1 g.) and piperidine (3 4 g ) m ethanol (35 cc ) was 
refluxed for 7 hours, concentrated, and shaken with 10% 
sodium hydroxide and benzene The benzene solubon 


TABLE n 


Compound 


No 

m p 

Found % 

Formula- 


C 

H" 



c 

74 


65 5 

93 


13 9 

C„H440N„2Ha, H,0 

65 2 


182'* 

54 4 

57 

13 3 


G8li»0N„2C,H,07N5 

544 

75 

148“ 

56 2 

62 

12 3 


C:„H„0N8,2C.H,0,N, 

56 3 

76 

88 “! 

62 3 

94 

5 15 

12 7 

G8H4cO.N.,2HCT,2HsO 

620 


168“ 

53 95 

5 65 

12 4 


C58H„0.N„2GH,0,N, 

5325 

77 

845- 

63 95 

95 

47 

11 5 

C„H„0,N..,2Ha,2Hs0 

63 95 


140“ 

55 5 

62 

121 


C*,Hm0.N8,2C%H,07N. 

55 9 

78 

205“^ 



52 

13 I 

QoH 480 .Nj, 2Ha 



156“ 

54 4 

59 

11 9 


Q,oF[4802Nj,2C,H,0,N, 

544 

79 

181“ 

68 0 

9 65 

50 

11 4 

C„H„OjN., 2Ha 

683 


170“ 

56 3 

67 

11 6 


C„H„O.N ,2GH,0;N3 

56 2 

80 

169“* 

668 

93 

50 

12 6 

C„H„O.Nt,2HCl 

67 0 


202“ 

54 9 

59 

12 3 


C„H«,0,N.,2GH,0,N, 

54 9 

81 

94“ 



48 

11 5 

mo 



198“ 

56 95 

67 

1125 


CuHs,02N.,2CeH,0,N, 

56 6 


Requites y. 


H N , 


Bis(p-di-n-bitt}laminophenv0ether,2ffCI 
do dipicrate 

Bis{p-di-r\-amylaminophen} i)ether dipicrate 
Bistp-di-n-biit) laminoplienoxi )m ethane 2HCI 
do dipicrate 

Bls(p di-n-amvlaminopherox}')niethane IHCl 
do dipicrate , 

a^'Bi<ip-di-n-bittvIaminophenox} lethane 2HCI 
do dipicrate 

•x^-Bislp-di-ii-ami /amtnophenov}’)ethane 2JICI 
do dipicrate 

xy-Bis(p-di-Ti-biit\ laminophenoxy)propane 2HCI 
do dipicrate 

a> ~Bis(p-d!-Ti-cnnIaminophenox})propane 2HCI 
do dipicrate 


94 

57 

62 

90 

57 

98 

62 

59 
98 

64 
94 

60 

65 


•The anhydrous salt melts at 130° =The anhydrous salt melts at 180“ »The dihydrate melts at 112“ ‘The dihydrate i"' 


127 

115 
50 
123 

45 

116 
52 
121 
47 
116 
50 

46 
112 

,■115 Jtf 
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ga\'c an oil (3 1 g ) which was dissolved m liglit petroleum 
(b p 40-60°) and filtered through alumina The resulting 
base, after distillation at 23070 5 mm , formed crystals 
mp 63-65° from aqueous ethanol (Found C, 82 0, 
H, 8 9, N, 7 5 q-jHiiN. requires C, 82 8, H, 9 5, 
N, 7 7% ) The diptcratc, orange-yellow needles from 
much ethanol, had m p 181-182° (after drying at 100° 
m \aciio) (Found N, 13 8 CmH 3 iN:, 2 QHjO-N 3 
requires N, 13 7%) The dthy drochlondc crystallized 
from alcohol-ether, m p rn 300° (dccomp ) (Found 
C, 68 8, H, 7 8, Cl, 16 0 Q:5H3,N.,2HC1 requires 

C, 68 9 , H, 8 3 , Cl, 1 6 3% ) The dimcthiodtdc separated 
from alcohol-benzene in yellowish crystals, mp 175° 
(dccomp) (Found C, 50 6, H, 6 2 C-sHsiN- 2CH3I 
requires C, 50 2 , H, 6 2% ) 

Secondary aromatic amines 

NN'-Bis(!^-dicthylamtnocth\[)bcnzidine(No 86) Benzi- 
dine (4 4 g ) was refluxed overnight with p-dicthylammo- 
cthyl chlonde (from 12 g of the hydrochloride) and 
potassium carbonate (5 g ) in xylene The solvent was 
removed by steam-distillation and a basic oil (II g) 
recovered by extraction with ether from alkaline solution 
Partial punfication was effected by passing the oil 
dissolved in light petroleum (bp 40-^°) through a 
column of alumina The product (9 4 g ) was treated m 
ethanol with picne acid (lU g) and the oily picrate 
which separated was extracted several times with 
acetone/ethanol The extracts, on evaporation and 
basification, gave an oil from which an ether-insoluble 
hydrochlonde (3 8 g ) was obtained The base was 
obtained from this by treatment with ammonia, it 
crystallized m soft flakes m p 70° from aqueous ethanol 
(Found C, 75 3 , H, 9 7 , N, 14 6 Cj^HagNj requires 
C, 75 3, H, 10 0, N, 14 7%) The trihydroUdoride, 
soluble m ethanol, had m p co 235° (Found N, 21 8 , 
Cl, 11 5 Q4H3 bN,, 3HC1 requires N, 21 6, Q, 11 4%) 

Ni\'-Bis(c(-diethvlaminopropy[)benzidtne (No 87) Ben- 
zidine (4 5 g ) was refluxed with Y-diethylaminopropyl 
chlonde and potassium carbonate m rt-butanol, the 
method of procedure being that of the previous expen- 
ment The oil (6 0 g ) obtamed from the petrol solution 
gave a picrate (3 4 g ) when treated with picnc acid 
(4 3 g ) in ethanol The base (1 5 g ) obtamed from the 
picrate was distilled at ca 329° 10 A tnm (Found 
C, 76 4, H, 11 4, N, 13 3 C.,H<jN, requires C, 76 1 , 
H, 10 3, N, 13 6% ) It formed a tetrahydrobromide as 
reported by Work (1940) and a tnpicrate which separated 
as golden-yellow crystals m p 125° (decomp ) from ace- 
tone (Found C, 46 4, H, 4 8, N, 15 8 Q(iH42Ni, 
3CtH30,N3,2H30 requires C, 46 6, H, 4 7, N, 16 1% ) 

Bis(p-bf-n-butylaminopbenyI)metliane (No 88) This 
compound was obtamed from /i-butylanilme and 
formaldehyde as a crystalline sohd m p 44-^5° (Wagner, 
1934, gave m p 41-42°, Reid and Lynch, 1936, recorded 
m p 45° ) The dihydrochlonde had m p 160-162° 
(Found C, 65 4, H, 8 5 C2iH3(,N,,2HCl requmes 
C, 65 7, H, 8 4%) 

Bis{p-N-n-heptvlaminophenyl)methane (No 89) Bis(p- 
ammophenyl)methane (2 47 g ) was boiled with sodamide 
(1 g.) m dry xylene for 4 hours , n-heptyl bromide (4 5 g ) 


was added, and the mixture refluxed overnight The 
solvent was removed by steam-distillation and the 
reaction product extracted with ether from alkahne 
solution The resulting dark-coloured oil was dissolved 
m hght petroleum (b p 40-60°) and the solution passed 
twice tlirough a column of alumina The colourless oil 
(4 0 g ) obtamed on removal of splvent was distilled at 
0 2 mm , collecting matenal distilling up to 280° This 
crude base was treated m ethanol with a httle 10% 
hydrochloric acid, causmg the separation of an oily 
hydrochloride which on standmg at 0° formed a semi- 
sohd mass This was pressed on a porous tile and 
crystallized from ethanol/ether to give bis(p-W-n- 
bcptylamirophenyl)methane ddivdrochloride (0 9 g , 15%) 
mp 195-196° (Found C, 69 1, H, 9 5 C27H13N2, 

2HC1 requires C, 69 4, H, 9 5%), which readily became 
blue m moist air The base was purified by alumina (m 
hght petroleum /benzene) and formed crystals m p 48° 
from aqueous ethanol (Found C, 817, H, 10 7, 
N, 6 9 CjtH 4:N3 requires C, 82 2, H, 10 7 , N, 7 1°% ) 
Bis(s)-^-diethylammoethylaminopIieny[)methane (N o 

90) Bis(p-ammophenyl)methane (9 9 g ) was refluxed 
overnight with P-diethylaminoethyl chlonde (from 
18 1 g of the hydrochlonde) and potassium carbonate 
(7 2 g) in ethanol The resulting basic oil (17 g), 
purified by alumma (light petroleum solution) was 
distilled at 0 2 ram , collectmg matenal (7 3 g ) distillmg 
above 240° This product was punfied by reciystalhza- 
tion of the tetrahydrochloride, mp ca 167-169° from 
ethanol The salt was too deliquescent for satisfactory 
analyses to be obtamed. The base was an oil b p ca 
280° 10 2 mm (Found C, 75 8, H, 10 2, N, 13 7 
QsHioNg requires C, 75 7, H, 10 2, N, 14 1%) 

Secondary araliphatic amines 

Preparation of aromatic bromomethyl compounds A 
modification of the chloromethylation procedure of 
Cambron (1939) was adopted for the bromoraethylation 
of benzyl bromide, diphenyl, diphenylmethane and 
a P-diphenylethane The general method is illustrated 
by the following example Diphenylmethane (39 g ) was 
added to a mixture of paraformaldehyde (30 g ), hydro- 
bromic acid (77 cc., d 1 7), phosphonc acid (57 cc , 1 75) 
and glacial acetic acid (95 g ) The solution was mam- 
tamed at 95-110° for 5 hours while dry hydrogen bromide 
(20-30 g ) was passed m, left overnight and heated for a 
further 8 hours The mixture was poured mto water 
(1,000 c.c), and the pasty precipitate filtered off and 
crystalhzedTfrom benzene 4 A' -Bisbromomethyldiphenyl- 
methane (33 g , 40%) separated from benzene m long 
pnsmsmp 153 5° (Found C,50 9, H, 4 0, Br, 45 1 
CjsHiiBrj requnes C, 51 0, H, 4 0, Br, 45 1% ) 

In a similar manner were prepared p-xylylene dibro- 
roide (34% yield), 4 4'-bisbromomethyldiphenyI (35%) 
{cf V Braun, 1937) and 4 A'-bisbromomethyl-a p- 
diphenylethane (34%) which crystallized from acetone m 
laminae mp 117-120° (Found C, 52 1, H, 4 5, 
Br, 43 1 Ci,HigBrj requires C, 52 2 , H, 4 4 , Br, 43 4% ) 
Preparation of aromatic alkylammomethyl derivatives 
(Nos 93-106) Condensation of the bromomethyl 
compounds with alkylammes proceeded readily m such 
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solvents as alcohol, benzene or xylene, with or without 
the addition of sodium iodide In all cases, however, the 
required product was accompanied by a considerable 
amount of amorphous substance of high molecular 
weight, apparently formed by condensation of the -NH 
groups in the product with further molecules of bromo- 
methyl compound (ef v Braun, 1937), these rendered 
the purification of the product somewhat difficult The 
formation of compounds of high molecular weight was 
reduced by refluxmg the bromomethyl compound with 
an excess (10 mols) of the alkylamine for 3-5 hours 
without other solvents The excess of alkylamme was 
removed at 100° under reduced pressure and the residue 
shaken wth 10% sodium hydroxide and ether The oil 
obtamed on evaporation of the ether was then treated 
with hght petroleum (b p 40-60°) m which all the bases. 


with the exception of the 4 4'-bis(cyr/ohcxyIammomethyl) 
denvatives of diphenyl and a p-diphenylethane, were 
veiy soluble, but m which the amorphous material was 
almost insoluble The petroleum solution was clarified 
by filtration through alumma, and evaporated The 
resultmg base was dissolved ih ethanol and the solution, 
filtered through kieselguhr to remove further traces of 
amorphous material, was treated with hydrochlonc acid 
(d I 2) to precipitate the dihydrochlonde This procedure 
was used m jthe preparation of all the compounds in 
Table in with the exception of two prepared m presence 
of a solvent The bases were redistilled or, in sorrie cases, 
crystallized from aqueous ethanol from which they 
separated m lammae The dihydrochlondes were 
insoluble m ethanol but dissolved fairly readily in warm 
water to a neutral solution 


TABLE ni 


1 

Compound 

No 

bp oDmp 

Found % 

Formula 

- 

Requires % 


C 

H 

N 

Cl 

C 

H 

N 

a 

I 4-Bls{n-propylaminomethyI)benzene 

93 

bp ca 310° 

76 5 

10 9 

”» 


C,«Hs«N, 

76 3 

110 



do dihydrochlonde 


subl >320° 

57 8 

89 


24 2 

Ci,H,4N„2HC1 

57 3 

89 


24 2 

1 4-i?/j(n butylamhwmethyObenzene 

94 

Oil 

1 




Ci.H„Nj 





do dihydrochloride 


subl >320° 

602 

9 1 

84 


C„H„Nj,2Ha 

59 8 

94 

87 


1 4-Bis{n~amylammomethyr)benzene 

95 

b p 150°/0 2mm 

78 2 

11 6 

101 


Ci8H„N. 

78 2 

11 7 

101 


do dihydrochloride 


decomp >320° 

62 3 

10 0 


20 4 

C„H„N4,2HCI 

61 9 

98 


20 3 

4 A'-Bis{n-butylannnomethyl)diphenyl 

96 

m p 43 5-45° 

81 6 

100 



c„h„h 

814 

99 



do dihydtvchloride 


decomp >360° 

666 

85 


177 

CaH„N„2Ha 

665 

86 


17 8 

4 4'-Bis(cyclohexylaminomethy0chphenyl 

97 

m p 94 5-95 5° 

83 8 

98 




82 9 

96 



do dihydrochlorlde 


decomp >360° 

69 3 

88 


15 6 

C„H„N„2Ha 

69 5 

85 


15 8 

4 4'~Bis{n-but% laminomelhy[)diphenyl- 












methane 

98 

m p 9-10° 

80 9 

10 4 

82 


C„H34N, 

81 6 

101 

83 


do dihydrochlonde 


decomp >320° 

67 4 

8 8 

66 

17 0 

C53H„N.,2HCI 

67 2 

88 

68- 

172 

4 4'-Bis(Ti-am}Iaminomethyl)dlphenvl- 












methane 

99 

b p 238°/I 0mm 

81 4 

10 6 

76 


C^mN, 

81 9 

105 

76 


do dihydrochlonde 


decomp ca 327° 

68 8 

9 1 



QJI«N*.2HCl 

68 3 

92 


- 

4 4'-Bis(cyc\oliexylaminomethyl)diphenyl- 












methane 

100 

m p 37-38 5° 

83 8 

98 




83 0 

98 



do dihydrochlonde 


decomp >320° 

70 2 

89 


15 1 

Cr,H„Ns,2Ha 

70 0 

87 


15 3 ; 

4 4'-Bls{benzylaminometliy[)diphenylmethane 

101 

Oil 

85 3 

77 

7 I 


C..HmN* 

85 7 

74 

69 


do dihy^ochhride 


decomp >350° 

72 0 

67 


14 4 

Q,H«34.,2Ha 

72 6 

67 


14 8 ^ 

4 4'-Bis(yi-propvlaminomethyry<t. p- 












dipheny let hone 

102 

m p 53-54 5° 

81 8 

10 1 




81 4 

99 



do dihydrochlonde 


m p c<7 345° 

665 

84 


180 

C„H„N*,2Ha 

665 

86 


17 8 i 

4 4'Bis{T\-biitylammomethyl)-OL ^ 

aiphenyletliane 

103 

m p 46-47° 

81 8 ; 

10 4 

79 


Q4H3,Ns 

81 8 

10 3 

80 


do dill} drochloride 


decomp >320° 

679 1 

9 I 


16 7 

Q,H„N.,2Ha 

67 8 

90 


167 ; 

4 4'-Bis{n-am\laminometh}Tyct p- 












diphenylethane 

104 1 

m p 7-8° 

82 3 

10 6 

74 


C„H4oN, 

82 1 

10 6 

74 


do dih} drochlonde 


decomp 333° 

68 9 

90 


15 6 

C„H4oN2,2HC1 

68 9 

93 


15 6 ^ 

4 4'-Bisin-liepi}laminometlivr)-<x p- 












diphenylethane 

105 

m p 35-36° 

81 3 

1L3 




82 5 

11 1 



do dihvdrochloride 


decomp 341° 

70 7 

10 5 


13 9 

C,oH4sN„2Ha 

70 7 

99 


13 9 1 

4 4'-Bls(cyc\ohex}Iaminometln[y<x. p- 












diphenvlethone 

106 

mp 115-116° 

83 1 

102 




83 1 

100 



do dill} drochlonde 


decomp >360° 

69 7 

94 


14 7 

Q8HioN.,2Ha 

704 

89 


14 8 


•By refluxmg 4 4 -bischloromethyldiphenylmethane (7 7 g ) with /i-butylamme (7 0 g ) and sodium bromide m xylene 
•j-By refluxing 4 4'-bisbromomethyldiphenylmethane (9 7 g ) with benzylamine (7 0 g ) and sodium iodide m xylene 
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Summary 

1 A senes of tertiary aromatic diamines in 
which two aromatic rings are connected by alkvl- 
cnc chains or chains interrupted by ether group- 
ings have been shown to have no significant 
amocbicidal activity either in i lira or in vi\ o 

2 Some of the similarly constituted secondarv 
diamines showed a slight actiMty in \itro 

3 Most of the secondary araliphatic diamines 
tested showed some activity in viiro, but no acti- 
vity in VIVO except at toxic dose-levels 

4 Quaternarj' ammonium salts were slightlv 
more active than the corresponding tertiary bases 

Our thanks arc due to Messrs P Amsden, P Hanktn, 
J M Judd, R Nicholson, R Penfound, F J Peters, 
K Pratlcy, A G Turner, C F Varney and the Misses 


S Pluthcro and R Shipman for much assistance in the 
experimental work 
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THE TR^TMENT OF “SHOCK” WITH SODIUM SALT 

SOLUTIONS 

BY 

H CULLUMBINE 

Front the Department of Pharmacology, Manchester University 
t CReedved March 26 1947) 



Rosenthal (1 942-5) stated that the admims- 
tration of large qua^tmes of sodium salt solutions 
reduces the morfahty |n mice suffermg from shock 
caused by thermal bums, trauma, and haemor- 
rhage Fox (quoted- by Rosenthal, 1943) m man, 
Mien (1943) using db^, and Prinzmetal et al (1943) 
in mice, have also (ported good results from the 
use of sodium chloride solutions for the treatment 
of shock due to therm.al burns, while Cullumbme 
and Box (1946) have-4ound that large quantities 
of sodium chloride or sodium lactate solution 
reduce the mortality Mom lewisite shock, but that 
different species are not equally responsive These 
results have now been confirmed m mice suffenng 
from shock caused by thermal bummg and ex- 
tended to rats, rabbife, and goats burnt with hquid 
mustard gas 

THEkMAL Burning 

Mice, weighing 18-Vo g and under nembutal anaes- 
thesia, were used ancf then hind limbs immersed for 
30 sec in -water whijh was maintained at a tempera- 
ture of 80° C Therapies were given at vanous time 
intervals after the ijjimersion The time of death 
after immersion for each mouse was carefully noted 
Death occurred rapidly (2-4 hours) m 100 per cent of 


untreated mice and an effort was made to find thera- 
pies which would significantly prolong the median 
survival time 77ic results were analysed by means 
of Fisher's method of analysis of vanance for Latin 
squares 

Therapy with sodium chloride — ^Table I details the 
results and conclusions of a typical expenment Fur- 
ther experiments showed that therapies admimstcred 
30 to 60 mm after burning produced better survival 
tunes than therapies admmistered immediately or 120 
mm after burning In general, 045 per cent (w/v) 
NaCl solution was better than a 0 9 per cent solution 
which, in turn, was better than a 1 8 per cent solution 
All these salt solutions were better than water 'Simi- 
lar results were obtained whether the sodium chlonde 
solution was given by mouth or by mtrapentoneal 
mjection 

From the results of the above experiments, it was 
concluded that, of the therapies tned, 1 ml doses of 
the sodium chlonde solutions administered 30 nun 
after bummg gave the best chance of survival There- 
fore these therapies were assessed in less severely 
burned mice and the percentage mortahUes oT,the 
treated and untreated groups compared 

The hind hmbs of mice, under nembutal anaesthesia, 
were immersed for 30 sec m water maintamed at 
70° C Sodium chlonde solutions were admimstercd 


table I 

EFFECT OF INTRAPERITONEAL INJECnON OF DIFFERENT CONCENTRA-nONS OF SODIUM CHLORIDE IN AQUEOUS 
SOLUnON ON THE SURVIVAL TIME OF MICE SUFFERING FROM THERMAL BURNS 


Therapy given 

30 mm 
after bummg 

Median survival 
tune m hours (5 
mice per group) 

Conclusions 

1 ml water 

10 0 

(1) In general 1 ml dosages are better than 2 ml dosages 

2 ml , 

32 

m prolonging survival time (P - 0 05) 

1 ml I S% NaCl 

[ 99 


2 ml 1 8% NaO 

3 8 

(2) 0 45% Naa is better than 0 9% NaQ which m turn 

1 ml 0 9% NaO 

13 5 

i is better than 1 8% NaCl or water 

2 ml 0 9% NaCl 

95 


1 ml 045% NaCl 

20 0 

(3) All therapies but 2 ml water and 2 ml 1 8% NaCl 

2 ml 0 45% NaCl ' 

15 2 

produced a significant (P — 0 05) increase in median 

Nil 

25 

survival tune 
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inlrapcntoncally 30 min later and the resultant total 
mortalities noted These mortalities \\erc as follows 

Untreated mice — 24/25 

1 ml of 1 8 per cent NaCl — 11/25 
1 ml of 0 9 per cent NaCl — 9/25 
1ml of 0 45 per cent NaCl — 6/25 

Hence all these therapies produced a significant 
reduction of the mortality, and the results agree 
substantially with those of Rosenthal 

Thcrapi \uth carbohydrate and protein — ^It has 
been noted that, after thermal bums the carbo- 
hydrate stores (liver and muscle) quickly become 
exhausted (Clark and Rossitcr, 1944) and a large 
negative nitrogen balance soon occurs (Cuthberl- 
son ct al 1939 Clark, Peters and Rossitcr, 1945, 
Taylor ci al 1943) Therefore the effectiveness of 
the early administration of aqueous solutions of glu- 
cose and of protein hydrolysate (a commercial pre- 
paration made by the enzy'mic digestion of casein) was 
assessed m expenments similar to those just described 

The therapies were 5 and 10 g glucose/ 100 ml 
H O , 2 5 and 5 g. protein hydrolysate/ 100 ml H.O , 
the solutions were given mtrapentoncally or by mouth, 
in 1 ml or 2 ml doses and at Z, z4-30, Z-1-60 or 
Z+120 min The median suixaval time was not sig- 
nificantly prolonged by these procedures and usually 
It was reduced Clark and Rossiter (1944) also found 
that carbohydrate feeding did not lessen the mortality 
among expenmcntally burned ammals 

Mustard Gas Intoxication 

The literature on human cases of mustard gas 
intoxication does not contain any clear-cut evi- 
dence as to the existence of a “ shock syndrome ” 
m this condition Hermann (1918) has reported a 
condition of “ shock ” in some of the severe cases 
which he saw, but most accounts are silent on this 
subject In ammals (goats, dogs, rats) Cameron 
(1941) has described a haemoconcentration (as 
evidenced by increased haemoglobin and red blood 
cell estimations) m the first 24-48 hours after skin 
contamination , the changes were less marked m 
the rabbit Cameron and Courtice (1942) have 
also described the later appearance of persistent 
diarrhoea and salivation leading to dehydration, 
loss of weight, and circulatory failure Homer- 
Smith et al (by communication in 1943), m a study 
on the toxic action of the /3-chloroethyl vesicants in 
dogs, have also remarked that death is due to 
“ anoxia ” of the respiratory centres owing to 
penpheral circulatory failure brought on by a 
reduction in blood volume, which is m turn 
attnbutable to the loss of protein, electrolyte, and 
water through vomiting and diarrhoea, supple- 
mented by a loss of red cells through unidentified 


channels The total circulatory plasma protein is 
reduced, but more water than protein is lost, so 
that the concentration of plasma protein rises 
There is a reduction m the extra-cellular fluid, 
circulating plasma volume, plasma chloride, and 
body weight , the total circulatory red cell volume 
is variably reduced As the investigators have 
pointed out, the 

“ progressive, unarrcstable, and irremediable oli- 
gacmia with irreversible circulatory failure presents 
a close parallel to the sequence observed in dogs and 
man suffering fatal fire bums, haemorrhage and other 
forms of shock, and it is to be anticipated in men 
suffering severe vesication from mustard gas bums of 
the skin, and in whom a vanable degree of systemic 
mtoxication is superimposed on the loss of protein, 
the electrolytes and water through the vesicated areas ” 

In view of these reports of early haemoconcen- 
tration and later dehydration and electrolytic loss 
in mustard gas contaminated animals, it was 
decided to assess the value of sodium chloride 
administration in such animals Three species 
have been studied, viz , the rat, rabbit, and goat 

Rats — Rats (ca 150 g) were used first as the test 
animals , in all experiments they were contaminated 
by applying 10 mg /kg of mustard gas m 1 per cent 
(w/v) alcoholic solution to the shaven area of the 
back Precautions were taken to prevent the rats bek- 
ing the contaminated area and ingesting the contami- 
nant The results are given in Table II 

We can conclude that in mustard gas con- 
taminated rats 

0) Sodium chlonde solutions are an effective 
treatment and the sooner they are adnunistered 
the better 

(ii) Although the difference is not statistically 
significant, sodium chloride is probably more 
effective when given by mouth than when given 
mtrapentoneally 

(ill) Sodium lactate is ineffective either by mouth 
or mtrapentoneally (This is contrary to our ex- 
perience in the treatment of lewisite intoxicated 
animals, and to Rosenthal’s results with severely 
burnt mice It emphasizes the possibility that' 
different biochemical reactions may be mvolved ) 

(iv) Water produced no significant effect, which 
suggests that electrolyte loss is a more important 
factor than mere dehydration m the pathology of 
mustard gas poisonmg 

Rabbits — Rabbits were contaminated with 150 mg / 
kg of mustard gas (pure) on The shaven area of the 
back , hcking of the area was prevented Half the 
rabbits were treated with 150 ml (given m two doses 
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TABLE n 

EFFECT OF SODIUM SALT SOLUTIONS ON THE SURVIVAL OF RATS INTOXICATED WITH MUSTARD GAS 


Treatment 

Time of 

administration after 
contammation - 

Route 

No of 
anunals • 

No of 
deaths 
m 21 days 

Per cent 
mortality 

Nil 






56 

80 

15 ml 0 9% NaCl 

At once 

IP 


6 

30 

15 ml 0 9% NaCl 

15 mmutes 

IP 

20 

5 ^ 

25 

15 ml 0 9% NaQ 

30 

IP 

20 

12 

60 

15 ml isotonic sodium lactate 

15 

IP 

10 

9 

90 

15 ml water 

15 

Oral 

10 

7 

70 

15 ml 0 9% NaQ 

15 


20 

6 

30 

1 ml 15% NaQ 

15 


10 

2 

20 

I ml 30% NaQ 

15 


10 

2 

20 

15 ml isotonic sodium lactate 

15 


10 

8 

80 


(IP- mtrapentoneal) 


This table shows the mortality rate m untreated rats to be 80 per cent and in rats treated with sodium chloride 
37 per cent (significant at P - 0 000,000,1) 


of 75 ml at 2 and 4 hours after contammation) of 
0 9 per cent NaCl by mouth , the other half were not 
treated The 28-day mortalities were 

Treated rabbits — 2/10 — le, 20 per cent 
Untreated rabbits - 7/10 — le, 70 per cent 

This reduction in mortahty is significant at P=0 04, 
if we take into account that the difference is m the 
right direction The mcidence and seventy of diar- 
rhoea and sahv^on and the loss of weight were much 
less in the treated than m the untreated group 

Goats — The shaven backs of goats {circa 30 kg) 
were contammated with 35 mg /kg mustard gas The 
0 9 per cent NaCl solution was given subcutaneously 
or by mouth, 1 htre at 2 hours and 1 htre, at 4 hours 
after contammation The 28-day mortahties for the 
goats m the vanous groups were 7/10 m untreated 
goats, 7/10 m goats receiving NaCl subcutaneously, 
and 6/10 m goats given the NaCl by mouth Hence 
the admimstration of sodium chlonde did not reduce 
the mortahty from mustard gas conta mina tion m 
goals Given subcutaneously, the sahne solution 
caused massive pulmonary oedema m some of the 
goats (4/10), whereas by mouth it led to an mcreased 
mcidence of diarrhoea (5/10, cf 2/10 m the iro- 
treated group) 

Therefore, the order of eflScacy of sodium 
chloride solutions m the treatment of the ohgaemia 
of mustard gas intoxication m the three species 
tested descends as follows rats, rabbits, and goats 
This IS also, in our experience, the descendmg 
order of the abdity of the different species to 
tolerate large quantities of sodium chlonde 
solution 

Summary 

In confirmation of previous workers, it has been 
found that sodium chlonde solutions mcrease the 


survival time and reduce the mortahty rate of mice 
suffenng from shock mduced by immersion in h6t 
water The best results were obtamed by givmg 
1 ml /O 45 per cent (w/v) sodium chloride solution 
30 mm after burmng mice weighmg about 20 g 
Glucose and protem hydrolysate solutions did not 
increase the survival tune m our experiments 
These results suggested the use of sodium salt 
solutions in the treatment of mustard gas mtoxi- 
cation This form of therapy was highly effective 
in rats and rabbits , it was ineffective in goats 


The work on mustard gas mtoxication was done at 
the Chemical Defence Experimental Station, Porton, 
and I am mdebted to the Chief Scientific Officer, 
Ministry of Supply, for permission to publish these 
results 
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THE CONSTITUTION OF PHOTOSTILBAMIDINE, THE 
IRRADIATION PRODUCT OF STILBAMIDINE 

BY 

J D FULTON 

From the National Institute for Medical Research Hampstead, NWS 

(Rcccl\c<I Ma> 24 1947) 


Stilbamidinc (4 4'-diamidmostilbcnc /3-hydro\y- 
ethanesulphonale) has proved an active thera- 
peutic agent in a number of protozoal diseases 
During the treatment of Gambian sleeping sick- 
ness, Bowesman (1940) noted that solutions which 
had been made up for more than six hours were 
more toxic than those freshly prepared Kirk 
(1942) suggested that the poisonous effects noted 
bv him during the treatment of kala-azar in the 
Sudan were due to the use of old solutions of 
stilbamidine which had become toxic Fulton and 
Yorke (1942) investigated the matter experimentally 
and showed that the increased toxicity was the 
result of photochemical change in the stilbamidine 
molecule Similar changes were observed by 
Fulton (1943) in other diamidines with an un- 
saturated linkage The saturation of the ethylene 
linkage under these conditions was indicated by 
the spectrographic observations of Goodwin (1943) 
Barber, Slack, and Wien (1943) came to the con- 
clusion, without rigorous proof, that the irradiation 
product- from stilbamidine was 4 4'-diamidino- 
' phenylbenzylcarbinol formed by the addition of 
water to the ethylenic bond Henry (1943) sug- 
gested, as an alternative to carbinol formation, a 
number of other changes which may occur in 
solutions of stilbamidine exposed to light including 
dimerization, partial or complete hydrolysis of the 
amidine groups, and formation of cis'-stilbamidine 
The two latter suggestions could not be confirmed 
by Fulton and Goodwin (1946) In a later paper 
the same author (Henry, 1946) stated that aqueous 
solutions of trans-4 4'-diamidinostilbene undergo 
two concurrent changes — dimerization and cis- 
trans isomerism — when irradiated in tropical sun- 
hght The proof of the dimeric nature of the 
saturated compound formed was arrived at from 
the kmetics of the photochemical reaction The 
nature of this saturated compound has now been 
investigated Ciamician and Silber (1902) des- 
enbed the formation of a dimer from stilbene when 


exposed for two and a half years to sunhght m 
benzene solution Their work was confirmed by 
Stobbe (1914) who showed that the dimer could be 
isolated after a few days’ exposure to sunlight We 
have obtained the dimer described by them by 
irradiating stilbene in benzene with the light of a 
mercury vapour lamp and have used it as a refer- 
ence compound to prove that the saturated product 
obtained from stilbamidine bv irradiation is 

1 2 3 4-tetra-(4'-amidinophenyl)-cyc/obutane, 

which wc have, for simplicity, called photo- 
stilbamidine 

Our thanks are due to May and Baker, Limited, 
for the gift of 50 g stilbamidine with which these 
experiments were conducted 

Experimental 

In the preparation of photostilbamidme, trans-4 4'- 
diamidinostilbene /J-hydroxyethanesulphonate (50 g ) 
in 1 per cent (w/v) solution in distilled water was 
exposed in 500 c c volumes in pyrex conical flasks to 
direct sunlight When freshly prepared, the solutions, 
before irradiation, gave rise immediately to a bulky 
precipitate on mixing with an equal volume of dilute 
sulphuric acid After exposure of the solutions for 

2 days, precipitation with sulphuric acid no longer 
occurred atj once At the end of one week’s exposure 
to sunlight an equal volume of 2Ar-sulphunc acid was 
added to the contents of the flasks and on standmg a 
crystalline precipitate separated The yield of this 
first fraction after drying in air was 33 g The solu- 
tion was concentrated to 1,800 c c under reduced pres- 
sure at a temperature below 50° C , and on standing 
a further crop of crystals (1 9 g ) was obtamed The 
solution was partly neutralized with anhydrous sodium 
carbonate, and mixed with 600 cc of a saturated 
solution of sodium picrate , a bulky precipitate con- 
tainmg sulphate ions was formed which was collected, 
air dned, and triturated with 16 per cent aqueous 
hydrochlonc acid The free picnc acid was collected 
and washed with hydrochlonc acid The combined 
filtrates were extracted with ether, and heated with 
nonte to remove all traces of picnc acid A further 
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20 g of photosUlbarmdine as sulphate was obtained 
on concentration of the solution The absorption 
spectra of the vanous crystalline fractions and 
soluUons were obtained dunng the course of the 
preparation Apart from the presence of small 
amounts of unchanged stilbamidine, amountmg to 
approximately 5 per cent of the ongmal, the only 
other substance detected was photostilbarmdme The 
latter, as sulphate, was purified for analysis by re- 
crystalhzation from water m which it was spanngly 
soluble , It crystaUized m short rods with termmal 
branchmg, and melted between 280 and 290° Puri- 
fied pliotostilbainidine sulphate m solution showed 
only the faintest fluorescence m ultra-violet light in 
contrast to Jhe marked fluorescence of solutions of 
stilbamidine The air-dned product was analysed 
(Found C, 44 5, H, 6,2, N, 12 6, HA 15 7 
C, H, N„ 2H,SO., 8H,0 requires C, 44 2 , H, 6 0. 
N, 129, Hj.0, 16 6%) Photostdbaroidme sulphate 
dissolved m water and treated with the theoretical 
amount of barium chlonde gave a very soluble crystal- 
Ime dihydrochlonde When the solution of the latter 
was mixed with ammonium nitrate m excess, a crystal- 
line nitrate was deposited Recrystallization from 
water gave compact crystals, m p 288° (decomposi- 
tion) (Found m air-dned sohd C, 46 6 , H, 5 3, 
N, 20 1 , H,0, 5 7 QA, N„ 4HNO„ 3H,0 requires 
C, 460 , H, 5 1 , N, 20 1 , H O, 6,5% ) 

Hydrolysis of stilbamidine and photostilbamidine 
sulphate 

Photostilbamidme sulphate (1 3 g) was mixed with 
potassium hydroxide (5 g ), water (5 c c ), and absolute 
alcohol (45 cc), and boiled for 22 hours with the 
addition of water (15 c c ) at the start of each day to 
dissolve some of the salts present An equal volume 
of water was then added to the mixture and the 
alcohol distilled off After removal of a small 
amount of insoluble matenal, the filtrate was acidi- 
fied and yielded a gelatinous precipitate which became 
granular when heated on the water bath It was 
collected, thoroughly washed wth water, and re- 
dissolved in sodium bicarbonate solution , the solu- 
tion was filtered from inorganic matenal and acidified 
The product was again dissolved m aqueous sodium 
bicarbonate and reprecipitated The yields of acid in 
two cxpenments each from 6 7 g of starting matenal 
were 3 80 g and 3 85 g , after drymg at 90° The 
product was nitrogen-free and reqmred the theoretical 
amount of base for neutrahzation On crystallization 
from glacial acetic acid, a small amount of msolublc 
material, possibly stilbenedicarboxylic aad, was re- 
moved After three recrystalhzations, 0 39 g of the 
product required 35 c c of boilmg glacial acetic aad 
for solution and gave 0,28 g of a colourless product. 
Tvo forms of crystal were present, a needle-shaped 
vanety being preponderant with some hexagonal 
plates The tetra-acid was also soluble in ethyl alco- 
hol acetone and eth> 1 acetate and did not melt below 
310* (Found in sohd dned at 90° C, 69 4 , H, 5 1 , 
loss at no*, 3 1 C, Hj.O,, H O requires C, 69 3 , 


H, 4 7 , HjO, 3,2% ) The methyl ester was prepared 
by the action of, an excess of iazomethane m ether 
on 0 1 g of punfied acid m 10 c c of methyl alcohol , 
after leavmg overmght a clear solution was obtained, 
and when the solvent was removed an oil separated 
which soon sohdified to a colourless sohd It crystal- 
lized from methyl alcohol in -very small plates , 
m p 166° (Found m aur-dned material C, 72 9 , 
H, 5 4 requires C, 73 0 , H, 5 4% ) “ 

The hydrolysis of stilbamidme was found to be a 
much more difficult process When 4 4'-diamidino- 
stilbene dihydrochlonde (2 5 g), potassium hydroxide 
(10 g) m water (10 cc) and absolute alcohol (90 cc) 
were refluxed for 20 hours m the dark, only 130 mg 
of an acid were obtamed by the procedure descnbed 
above In another expenment the same material (2 5 g ), 
sodium hydroxide (5 g) m water (10 cc) and ethylene 
glycol (40 cc) were refluxed for 9 hours The m- 
soluble matenal present was removed and the Jdtrate 
concentrated under reduced pressure , the sodium salt 
obtamed was collected, redissolved m water, and by 
the usual procedure yielded 0 54 g. acid, which was 
nitrogen-free, was msoluble m all common orgamc 
solvents and could not be crystallized The ammomum 
salt, however, was very characteristic and crystallized 
readily in sheaves of leaflets The sohd first collected 
after alkalme hydrolysis weighed 1 57 g and contained 
nitrogen Hydrolysis of this matenal was effected by 
refluxing with 60 per cent sulphunc acid (25 c c ) for _ 
7 hours and then for a further 7 hours after addihon 
of an equal volume of sulphuric acid of the same 
strength On coolmg the mixture was poured into 
water, the solid collected, and after punfication by 
solution m sodium bicarbonate solution the yield of 
air-dned matenal obtained on acidification was 09 g 
and had smular properties to the product of alkalme 
hydrolysis 

Estenfication could not be satisfactonly effected by 
refluxing the acid (0 5 g ) with methyl alcohol (20 c c ) 
and concentrated sulphunc acid (2 c c ) on the water 
bath for 4 days The desired product was, however, i 
obtamed by allowing suspensions of the aad, from 
both alkaline and acid hydrolysis, in methyl alcohol 
and ether to react with diazomethane The bulk of 
the reaction product was very spanngly soluble and 
separated as small rhomboidal plates , a further smalt 
amount was obtamed by concentration of the mother 
liquors This methyl ester was very spanngly soluble 
m boihng methyl alcohol but crystallized well from 
dioxane m ghstenmg fasciated laths , the addition of 
methyl or iropropyl alcohol to this solvent favoured 
quantitative separation The ester from both products 
had m p 234* Meyer and Hofmann (1917) gave the 
m p of dimethyl pp'-stilbene-dicarboxylate as 226- 
227° and Hager et al (1944) recorded the m p as 
227-228° 

Decarboxylation of 1 2 3 4- -tetra - (p - carbox'^ • 
phenylycycXobutane Isolation of distil bene 
isodistilbene and stilbene 

The tetracarboxylic acid (0 5 g ) was mixed with 
qumolme (10 cc) and copper bronze (0 5 g) and the 
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niLXlurc boiled for 7 hours on a sand-balh Evolu- 
tion of carbon dioxide was slow at first but soon 
increased as the acid dissolved On cooling, the mix- 
ture was poured into excess of 2Ar-hydrochlonc acid 
and extraction of the product was effected by several 
portions of ether The combined ether extracts were 
washed in turn with A'-hydrochloric acid, sodium 
bicarbonate solution, and finallv water On removal 
of the solvent, 0 30 g of a crj^talline material was 
obtained It w-as rccrj’stallizcd from ether and sepa- 
rated as a mixture of fine prisms and colourless plates 
The expenment w'as repeated with 1 5 g acid, yicld- 
mg 1 0 g of product, w-hich when refluxed with ether 
did not all go rcadilv into solution The less soluble 
portion was collected separately and crystallized from 
this solvent in the form of fine prisms, m p 163° 
(Found C, 93 3 , H, 6 7 Calc for C C, 93 3 , 
H, 6 7% M W in camphor, 292 Calc . 360 ) The 
properties of this hydrocarbon agree with those 
described for distilbcne by Ciamician and Silber and 
it must be 1 2 3 4-tetraphcnyIc3c/obulane The 
more soluble portion separated on concentration of 
the first mother liquors, as colourless plates They 
were shown by m p and mixed m p with a pure 
' specimen to be stilbene The yield of stilbene was 
approximately 1/5 that of the other product When 
decarboxylation under the same conditions was con- 
tinued for 10 hours with 3 0 g acid obtained from 
carefully purified photostilbamidine sulphate the pro- 
duct weighing 2 15 g was highly coloured and con- 
tained a small amount of tarry material It was also 
much more soluble in ether, and from this solvent 
large crystals of sUlbene separated first The only 
other product obtained was that melting at 163° It 
seemed that some decomposition had occurred dunng 
this longer decarboxylation and stilbene was present 
m relatively greater quantity than in the preceding 
experiment A final decarboxylation with similarly 
punfied material (10 g ) lasting 4i hours yielded 
0 68 g of product By fractional crystallization from 
ether a large crop of the product m p 163° was 
obtained The next fraction yielded hexagonal plates 
which when crystallized from ether or methyl alcohol 
melted at 149° in a total yield of approximately 70 mg 
The only other product obtained was a few milligrams 
of stilbene It appeared, therefore, that the yield of 
stilbene increased with increase of the reaction time, 
and the hydrocarbon m p 149° could not be isolated 
when the reaction was continued for more than than 
4i hours The new hydrocarbon could be crystal- 
lized from ether or methyl alcohol and separated 
from the latter solvent in small tablets As it is 
isomenc with distilbene, the name isodistilbene is 
proposed for it (Found C, 92 7 , H, 6 8 Cj.Hn 
requires C, 93 3 , H, 6 7 MW in camphor, 307 
Calc , 360 ) 

Stilbene-4 4'-dicarboxylic acid on decarboxylation 
in the presence of quinoline and copper bronze for 
hours gave a theoretical yield of hydrocarbon 
Careful fractionation from ether and absorption on 
alumina failed to reveal any other hydrocarbon than 


stilbene When stilbene and the hydrocarbon m p 
163° were respectively heated with quinoline and 
copper under the same conditions, each substance 
was recovered unchanged from the reaction mixture 

r ractionation of the acid product from photostilb- 
amidine 

In order to throw light on the presence of stilbene 
obtained along with the hydrocarbon mp 163° in 
all the decarboxylation expenments, the photo- 
stilbamidinc used in the preparation of the acid was 
examined for purity In water it showed fluorescence 
similar to that of a weak, solution of stilbamidine 
and spcctrophotomelnc determinations indicated that 
about 5 per cent of this substance was present 
Accordingly 14 4 g of the original photostilbamidine 
was recrystallized from water and 0 62 g of very 
spanngly soluble material with all the properties of 
stilbamidme sulphate, including characteristic absorp- 
tion spectrum, was collected Further light on the 
homogeneity of the original photostilbamidine was 
sought by an examination of the acid obtained from 
It This acid was subjected to a fractionation pro- 
cess depending on the different acidities of the acids 
(c/ King and Ware, 1941) For this purpose 3 62 g 
of acid were accurately neutralized with 27 cc of 
approximately W-sodium hydroxide in a total volume 
of about 150 cc of aqueous solution The solution 
was then saturated with ether and a layer of 50 cc 
of the same solvent added 2 7 c c of N-hydrochloric 
acid was then added slowly with shaking Part of 
the precipitated acid in this first fraction remained 
undissolved by the ether Ten further similar volumes 
of hydrochlonc acid were added m turn, and the 
liberated acid dissolved in the freshly added ether 
layer m each case on shaking After removal of 
solvent the weights of acid in grams obtamed from 
each fraction in turn were as follows 0 05 (insoluble) 
plus 0 06 (soluble), 0 17, 0 33, 0 40, 0 50, 0 45, 
0 44 , 0 44 , 0 44 , 0 15 All the fractions, in methyl 
alcohol, were methylated by means of diazo-methane' 
From each, the methyl ester already desenbed of 
m p 166° was obtained Only the insoluble part of 
the first fraction yielded the methyl ester of stilbene- 
dicarboxylc acid, m p 234° The amount of this acid 
present was therefore probably less than 2 per cent 
and this amount failed to explam the presence of 
stilbene m the relatively large amounts found after 
decarboxylation 

Irradiation of Stilbene 

In contrast to the rapidity^ and completeness with 
which photochemical change occurs m stilbamidme 
solutions, the reaction m stilbene solutions occurs 
relatively slowly and mcompletely The formation of 
a distilbene mp 163° was desenbed by Qamician 
and Sdber (1902) who exposed stilbene, m benzene 
solution, for 2^ years to sunlight The same product 
was obtamed by Stobbe (1914) after 3 days’ exposure, 
but the percentage yield obtained was not indicated 
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by any of these authors We exposed 1 g of std- 
bene in 10 cc of pure benzene to sunhght (not in- 
tense) for six weeks in a sealed tube but faded to 
isolate any of the dimerization product The same 
solution was further exposed m a quartz cell 1 cm 
deep to hght of wavelength 250 m/< for 4 hours agam 
without success On further irradiation with the hght 
from a mercury vapour lamp for 14 hours, the solvent 
was removed in vaciio and the crystaUine residue redis- 
solved in ether which was then concentrated Fine 
pnsms weighmg 60 mg , readily distmguishable from 
the plates characteristic of stdbene, were the first to 
separate and a further smaller crop of pnsms was 
obtamed On purification from ether the pnsms 
melted at 163°, and from their properties, including 
stabihty to permanganate, non-absorption of bromme 
and unchanged meltmg point on admixture, appeared 
to be the same substance as that described by the 
above authors There was no change in melting point 
on admixture with the decarboxylation product m p 
163° descnbed above The substance produced by 
the irradiation of stdbene and the decarboxylation 
product were shown to be identical by means of x-ray 
crystallographic analysis (Fulton and Dunitz, 1947) 
and by companson of their absorption spectra (Good- 



FiG 1 — Absorption spectrum of 1 2 3 4-tetraphenyl- 
ci c/obutane in cyc/ohexane 

win, 1947) m cyclohexane (Fig l) Theoretically the 
position of the absorption band and the intensity 
1 % 

measured as E, „ should be very similar to those 
1cm ■' 

for toluene, and this was found to be the case 


Compound mp 163° 261 m/t 29 9 

Toluene 262 my 32 7 

When a stdbene solution in benzene was irradiated 
b> the hght of a mercury vapour lamp for 30 hours 
there was obtained besides unchanged stdbene and 
the h>drocarbon m,p 163° a substance in yield of 
onlj a few milligrams, which crystallized in colour- 


less needles from ether and had mp 213° Analysis 
mdicated that it contamed oxygen Because of the 
extremely small amount available its nature could 
not be determmed In another experiment m which 
1 35 g stdbene in benzene was exposed under the 
same conditions the yield of hydrocarbon mp 163° 
was 240 pig 

Discussion 

On exposure of stilbarmdine solutions to sunhght 
the only product obtamed, apart from small 
amounts of unchanged matenal, was photo- 
stilbamidme, isolated as sulphate We now have 
clear chemical evidence that 'photostilbamidine is 
a dimerization product of stdbamidme Analyses 
of photostdbamidme sulphate and mtrate show 
that the elements of water are not mvolved in the 
change of stdbamidme mto photoshlbamidme 
When photostdbamidme was hydrolysed an acid 
was obtamed different from stdbene-p p'-di- 
carboxyhc acid but of the same fundamental com- 
position It gave a methyl ester, mp 166° 
different from the methyl ester of stdbene-p p'- 
dicarboxylate which has mp 234° On de- 
carboxylation of the acid from photostdbamidme, 
a hydrocarbon, -mp 163° was obtamed 

identical with distdbene first isolated by Qamician 
and Sdber from the irradiation of benzene solu- 
tions of stdbene A second isomenc hydrocarbon 
isodistilbene m p 149° was found m one de- 
carboxylation experiment 

If during the irradiation of trons-stilbamidme the 
activated molecule retams its /rans-structure, com- 
bmation of two activated tronx-molecules can give 
rise to two isomenc products which on hydrolysis 
and decarboxylation should yield the two tetra- 
phenylcyc/obufanes A and B 



Fiq 2 

If however the activated molecule passed 
through or mto a cix-form owmg to free rotation, 
combmations mvolvmg ers-forms would give nse 
m addition to two other isomenc hydrocarbons 
It has been shown (Fulton and Dunitz, 1947) 
that the distdbene, mp 163° is represented by A 
with a centre of symmetry The spatial configura- 
tion of the isomende, ixodistilbene, mp 149° has 
not yet been determined, but the probability is that 
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It has structure B Since photostilbamidine in all 
experiments ga\c the hydrocarbon A, usually as 
the major component, the structure of photo- 
shlbamidine is that shown m A with four amidine 
groups in the p-positions of the phenyl groups 

Since i^odistilbenc was isolated on one oceasion 
It IS possible that photostilbamidine sulphate con- 
tains a component corresponding to strueture B 
The acid obtained by hydrolysis of photo- 
stilbamidine, on erystallization from acetic acid 
showed inhomogencit>' of crystal form and on de- 
carboxylation under milder conditions gave two 
isomeric hydrocarbons apart from stilbcnc On 
the other hand, careful fractionation of the acidic 
product obtained on hydrolysis of photostilbami- 
dinc failed to show the presence of any isomeric 
telracarboxylic acid since all the fractions gave 
the same methyl ester m p 166° The most likely 
explanation of this is that the isomeric tetra- 
carboxylic acid which gives nse to the hydro- 
carbon, mp 149° must have been eliminated in 
the numerous purification stages involved in the 
preparation of the tetra-acid from photostilbami- 
dine before subjection to decarboxylation 

The formation of stilbenc in the decarboxyla- 
tions of the tetra-acid is definitely not due to the 
presence of stilbcne-dicarboxylic acid as an im- 
purity Stilbene anses from very specially purified 
photostilbamidine and its proportion increases with 
the duration of the decarboxylation process 

Summary 

Irradiation of a solution of rrany-stilbamidine m 
sunhght gave a substance which on hydrolysis to 
the corresponding acid, followed by decarboxyla- 


tion, yielded a hydrocarbon m'p 163° identical 
with that obtained by irradiation of stilbene The 
hydrocarbon previously described as di-stdbene has 
now been shown by x-ray crystallographic analysis 
to be 1 2 3 4-tetraphenyl-cyc/obutane, contam- 
ing a centre of symmetry A second isomenc 
hydrocarbon mp 149° was also obtained in the 
same senes of reactions, but its molecular con- 
figuration has not yet been determined The iso- 
lation of these two hydrocarbons is in agreement 
with the view that stilbamidme undergoes dimeri- 
zation on irradiation of its solutions 


1 wish to record my thanks to Dr Harold King for 
generous help during the course of this mvestigation, 
and to Mr T W Goodwin for the determinations 
of the absorption spectra 
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THE EFFECT OF INJECTED SOLUTIONS ON THE 
CELL CONTENT OF THE CEREBROSPINAL 

FLUID 

By 

/ 

T H B BEDFORD - 

From the Department of Pharntacology, Manchester University 

fRcodtKd /ctne 13 !94T) 


An account has been given m an earher paper 
(Bedford, 1946) of the effect of the introduction 
of isotonic sodium chloride solution mto the 
cistema magna on the cell content of the cere- 
brospmal fluid of dogs anaesthetized, with 
“ nembutal ” (Abbott) The duration of these 
experiments was approximately five hours Poly- 
morphonuclear leucocytes, generally unaccom- 
panied by other reactive cells, were present at the 
end of nine out of thirteen experiments The 
introduction under the same conditions of Rmger’s 
solution (Dale’s formula) or of distilled water did 
not cause reactive cells to appear m the cerebro- 
spinal fluid In the experiments now reported, the 
changes in cell count have been mvestigated 24 
hours after the mtroducdon of an isotomc solu- 
tion of sodium chlonde into the cistema magna, 
and a comparison has been made with the effects 
produced after a sinular period of time by solu- 
tions of procame, amylocame, and amethocame 
hydrochlondes A study has also been made of 
the effect of simple puncture of the cistema magna, 
the mtroduction of distilled water and of Rmger’s 
solution 

Experimental procedure 

Except for slight modificaUons, the experimental 
procedure was similar to that used in earlier experi- 
ments (Bedford, 1946) In this senes of experiments 
the animals were anaesthetized wth ether TTiey were 
allowed to recover from the anaesthetic after the 
solution under investigaUon had been introduced and 
the needle withdrawn It was necessary, however, 
after the introduction of local anaesthetics to main- 
tain respiration with the pump until the onset of 
spontaneous respiration The animals were agam 
anaesthetized with ether twenty-four hours later and 


a sample of cerebrospinal fluid removed for cyto- 
logical examination The films were fixed by expo- 
sure to iodine vapour after the technique of Kubie 
and Smith (1925) and hghtly stamed with methylene 
blue The use of this technique has greatly facih- 
tated cellular differentiation In the present series of 
expenments a finer needle has been used for cisternal 
puncture , as a result, detached mesothelial cells have_ 
been observed only on rare occasions m specimens 
of cerebrospmal fluid, and the possibihty of post- 
operative leak from the subarachnoid space has been 
reduced The puncture was made without previous 
masion directly through the shaved and stenhzed skm 
An experiment was discontmued if the milial sample 
of cerebrospmal fluid contamed cells of any kmd 
The solutions were made up with freshly distiUed 
water from an all-glass still Although the mdividual 
soluUons were not tested for the presence of pyrogens, 
repeated exammation of distiUed water from this still 
has never revealed their presence The solutions were 
stenhzed, without delay in an autoclave at a pressure 
of 12 lb per square mch for half an hour The 
Rmger’s solution was boiled for 20 min at atmo 
sphenc pressure Care was taken to stenlize the 
soluUons m alkah-free glass contamers A constant 
volume (15 c c ) of soluUon, at room temperature, 
was mtroduced mto the subarachnoid space through- 
out the expenments 

Results 

The effect of ether anaesthesia 
Four dogs were anaesthetized with ether , one 
for a penod of 15 minutes, two for 30 minutes, 
and one for one hour The ether was administered 
by means of a pump through a catheter, intro- 
duced into the trachea In all four dogs, samples 
of cerebrospinal fluid removed 24 hours later 
under ether anaesthesia were free from cells 



CELL CONTENT OF CEREBROSPINAL FLUID 


81 


The effect of simple puncture and of distilled 
IV atcr 

The effect of simple puncture of the cistema 
magna was studied m ten dogs After introduc- 
tion, the needle was allow'cd to remain m situ 
with the stilctte inserted for ten minutes At the 
end of this period, the needle was withdraw*n and 
the ammal allowed to recover The results ob- 
tained 24 hours later are summarized m Table I, 

TABLE I 

THE EFFECT OF SIMPLE PUNCTURE OF THE CISTERNA NUONA 
AND OF DlSnLLED WATER ON THE CELL CONTENT 
OF THE CEREBROSnNAL FLUID 


Simple puncture j 

Distnicd 

n itcr (1 5 C.C-) 

\\t of 

White cells per t 

Wt. of 

Wnute cells per 

dog 

cu jnm C S F 

dog 

cu ram C S r 

in kg 

after 24 hours 

m kg 

after 24 hours 

1 

11 0 

I 40 

10 0 

480 

S 0 

1 -0 

90 

450 

7 6 

CO 

8 6 

450 

11 0 

70 

10 0 

345 

S 0 

20 

7 6 

420 

8 6 

40 

00 

400 

12 5 

12 

— 


7 6 

40 


— 

SO 

1 0 ! 

— 


0 S 

12 

— 

— 

Mean i S D 30 ± 8 

424 ± 19 


where it will be noticed that white cells were 
present at the end of all but one experiment The 
a%erage number of cells per cu mm of cerebro- 
spmal fluid was 36 The effect of the mtroduction 
of distilled water was studied m six ammals The 
results are summarized in Table I, where it will 
be seen that the average number of white cells 
at the end of the experiment was 424, and the 
standard de\iation of the average 19 

The effect of isotonic sodium chloride and of 
Ringed s solution 

The effect of isotonic sodium chlonde solution 
(0 9 g NaCl/100 cc) was studied m mne experi- 
ments and that of Rmger’s solution (Dale’s 
formula) m six experiments The pH values of 
the solutions after sterilization were 6 8 and 7 4 
respectively, as detenruned by mdicators The 
results of the experiments are summarized in 
Table IL 

The effect of solutions of procaine, amylocaine, 
and aniethocaine hydrochlorides 
The effect of procame was studied m ten expen- 
ments , five experiments were performed with 


TABLE n 

THE EFFECT OF ISOTONIC SODIUM CHLORIDE SOLUTION 
ANT) OF ringer’s SOLUTION (dALE’S FORMULA) ON THE 
CELL CONTENT OF THE CEREBROSPINAL FLUID AFTER 
24 HOURS 


Norm'll Sodium Chlonde 

Rmger’s Solution 

Solution (1 5 c c ) 

Dale’s Formula (1 6 c c ) 

Wt of 

W'hitc cells per 

W^t of 

White cells per 

dog 

cu mm C S r 

dog 

cu mm C S F 

in kg 

after 24 hours 

m kg 

after 24 hours 

7 6 

1,000 

9 0 

740 

6 6 

750 

00 

490 

8 0 

1,500 

80 

720 

7 0 

750 

7 0 

090 

00 

700 

7 5 

470 

6 5 

1,500 

0 6 

680 

7 0 


— 

— 

86 




— 

7 6 

1,000 


— 

Mean i S D 1,007 i 109 

632 ± 49 


amylocame and a similar number with ametho- 
came Procame and amylocame were admmistered 
m a 1 per cent (w/v) concentration m distilled 
water The depressant action of amethocame on 
respiration was so powerful and prolonged that it 
w-as found convement to use a solution not stronger 
than 0 25 per cent , even after the mtroduction 
of a solution of this concentration, respiration was 
frequently paralysed for half an hour or longer 
The pH values of the procame, amylocame, and 
amethocame solutions after sterilization were 5 9, 
5 9, and 6 0 respectively The results of these 
experiments are summarized m Table HL 

It will be seen that the average number of cells 
per cu mm of cerebrospmal flmd at the end of 
the experiments was approximately the same with 
all three drugs 

t 

Discussion 

It would seem from the above experiments that 
the mtroduction mto the subarachnoid space of 
isotomc sodium chloride solution, procame, and 
amylocame hydrochlondes m 1 per cent (w/v) 
and amethocame hydrochlonde m 0 25 per cent 
(w/v) concentration m distilled water excites re- 
actions of approximately equal mtensity as deter- 
rmned by the number of white blood corpuscles 
m the cerebrospmal fluid after 24 hours Ernger’s 
solution caused a more mtense reaction than dis- 
tilled water, but not so powerful as that of isotomc 
sodium chlonde solution , it occupied a position 
mtermediate between the two The standard 
deviations of the averages obtamed m these ex- 
periments mdicate that the above differences in 
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TABLE m 


THE EFFECT OF PROCAINE, AMYLOCAINE AND AMEmOCAINE HYDROCHLORIDES ON THE 
CELL CONTENT OF THE CEREBROSPINAL FLUID 

X 


1% (w/v) Procame (1 5 c c ) 

1% (w/v) Amylocaine (1 5 c c ) 

i 

0 25% (w/v) Amethocame (1 5 c c) 


White cells per 

1 

White cells per 


White cells per 

Weight in kg 

cu mm C S F 
after 24 hours 

Weight in kg 

cu mm C S F 
after 24 hours 

Weight m kg 

cu mm C S F 
after 24 hours 

6 5 

1,340 

62 

1,600 

8 5 

670 


840 

12 0 

800 

75 

1,490 


1,500 

12 5 

810 

80 

730 

80 

810 

75 

1,090 

9 5 

1,360 

10 0 

900 

12 0 

700 

65 

' 1,500 

70 

1,200 

— 


1 



8 5 

750 





; 



7 5 

825 



1 

j 




1,180 

— 

— 

1 
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1,010 

i 

— ! 

— 

— 

Mean ± S D 

1,035 ± 81 


1,000 ± 163 


1,150 ± 185 


intensity of reaction are statistically significanL 
The lack of correlation between the weight of the 
animal and the reaction provoked by a constant 
volume of solution was unexpected It can, how- 
ever, be accounted for m several ways The dogs 
used in these experiments were mongrels , little 
selection has been possible and consequently 
marked variation was noticed m the size and shape 
of the cisterna magna of dogs of the same weight 
Vanations will accordingly occur in the degree of 
dilution of solution immediately after introduction 
and in the rate at which it leaves the cistema 
magna An important cause of lack of correla- 
tion between body weight and reaction to a given 
volume of solution is leakage through the punc- 
ture hole after withdrawal of the needle It has 
been possible to ' demonstrate that the puncture 
hole through the dura and the arachnoid does 
not always close after withdrawal of the needle , 
the longer the needle remains mserted, the more 
likely IS leakage to occur A leakmg puncture hole 
can produce two important results if the pressure 
in the cistema magna is high, as normally occurs 
when the ammal is inclmed towards the “ head- 
down-tail-up ” posture, fluid escapes, often at a 
considerable rate from the cistema magna into 
the extradural region On the other hand, if the 
animal is inclined towards the “ head-up-tail- 
down ” posture the pressure in the cistema magna 
falls and aspiration may take place from the 
extradural region The fluid aspirated generally 
consists of blood and tissue fluid, which are known 
(Hammes, 1944) to have a marked irritant action 
on the meninges These phenomena have fre- 


quently been demonstrated on the hving ammal 
durmg the course of the experiments Then 
occurrence can be avoided to a certain extent by 
the use of a fine needle and by careful avoidance 
of any disturbance of the needle after introduction 

The cells present in the cerebrospmal fluid at 
the end of the experiments consisted Almost en- 
tirely of polymorphonuclear leucocytes , in many 
mstances they were the only cells detected 
Lymphocytes rarely formed more than 3 per cent 
of the total white cells 

It IS improbable that the cellular reacbon pro- 
voked by local anaesthetics is a pH response 
Experiments in vitro have shown that the solutions 
rapidly assumed the pH of the cerebrospmal fluid 
on the addition of a relatively small volume of 
the latter fluid Injected solution, withdrawn a 
few seconds after introduction mto the cisterna 
magna, was generally found to have acquired the 
pH of cerebrospinal fluid 

In spite of technical difficulties, the experiments 
would appear to demonstrate that distilled water is 
a less powerful imtant to the meninges than iso- 
tomc sodium chloride solution and thereby to 
confirm the results of earlier expenments (Bedford, 
1946), that isotomc sodium chlonde solution, pro- 
came, and amylocaine hydrochlondes in a 1 per 
cent (w/v) and amethocame hydrochloride in a 
0 25 per cent concentration in distilled water excite 
reactions of approximately equal intensity 

The results of the expenments raise doubt as to 
the advisability of using simple sodium chloride 
in order to render isotomc solubons required for 
introduction into the subarachnoid space 
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Summary 

1 A study has been made of the cell content 
of the cerebrospinal fluid 24 hours after the intro- 
duction of procaine, amvlocainc, and amcthocamc 
into the cisterna magna of dogs and the effects 
of these drugs have been compared with those 
produced by distilled water, isotonic sodium 
chloride and Ringer’s solution over a similar 
period of time 

2 Isotonic sodium chloride solution, 1 per cent 
procaine and amylocaine hydrochlorides and 0 25 
per cent amethocaine hydrochloride in distilled 
water excited reactions of approximately equal 


intensity Ringer s solution caused a more intense 
reaction than distilled water, but less than that of 
isotonic sodium chloride solution 
3 The, results of these expenments raise doubt 
as to the advisabihty of using simple sodium 
chloride in order to render isotonic solutions re- 
quired for introduction into the subarachnoid 
space 
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ACTIONS OF BRITISH ANTI-LEWISITE 
(2 3-DIMERCAPTOPROPANOL) 

BY 
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Ftom the Department of Materia Medtca, University of Glasgow 

(Received June 18 1947) 


Peters, Stocken, and Thompson (1945) and 
Waters and Stock (1945) described the effective- 
ness of 2 3-dimercaptopropanol (named British 
Anti-Lew isite or BAL by American workers) m 
countering the effects of arsemcal poisomng 
Apart from the importance of having an efficient 
■'ntidote to arsemcal agents m chemical warfare, 
there arose the possibility of using BAL for the 
treatment of the toxic manifestations of arsemcal 
drugs in therapeutics After mvestigations of^e 
protective action of BAL agamst” arsemcal 
poisons carried out m this country and at the 
same time those on lewisite by Hamson, 
Durlacher, Abrink, Ordway, and Buntmg (1946) 
ie substance was used successfully by Carleton, 
-lers, Stocken, Thompson, and Wilhams (1946) 
£''■0 Eagle (1946) as an antidote m climcal cases 
of poisoning by such therapeutic agents as 
’ nphirside 

The protective action of BAL stimulated re- 
search into the mode of action of dithiols in 
detoxicating arsemc Peters, Smclair, and 
Thompson (1946) and Stocken and Thompson 
(1946) haxe shown that arsenic combmes with the 
available sulphydryl groups m protems and m this 
way mterferes with the enzymes vital to cellular 
metabolism w'hich depend for their activity on the 
presence of SH-groups , one such enzyme is 
pvruvate oxidase A molecule of BAL contains 
two SH-groups and can thus re-activate enzymes 
which have been mhibited by arsemc (Stocken, 
Thompson, and Whittaker, 1947) 

The nature of the reaction between arsemc and 
BAL made it seem probable that BAL would 
react similarly with other metals, and Gilman, 
Philips, Alen, and Koelle (1946) and Ginzler, 
Gilman, Philips, Alen, and Koelle (1946) showed 
that this was so with cadmium Braun, Lusky, 
and Calverj' (1946) showed the same with anti- 
mony, bismuth, chromium, mercury, and nickel 
Lead and selemum were made more toxic by 
BAL, while thallium was not affected 


The toxic properties of BAL were investigated 
by Durlacher, Buntmg, Hamson, Ordway, and 
Abnnk (1946) and Modell, Chenoweth, and 
Krop (1946) who stated that the LD50 in rabbits 
was 99 mg /kg and in cats 0 032 ml /kg The 
chief symptoms of toxicity found were conjuncti- 
vitis, gastro-enteritis, tremors, and ataxia Fatal 
doses caused convulsions and circulatory and 
respiratory failure According to Modell, Gold, 
and Catell (1946) doses m excess of 3-5- mg /kg 
m man cause blepharospasm, flushes, and un- 
pleasant sensations ^ 

It was decided to mvestigate the action of BAL 
on the toxicity of several- metaUic compounds 
deemed to be of clmical importance, viz. — 
mapharside, mercuric chloride, mersalyl, potas- 
sium antimony tartrate, lead acetate, sodium bis- 
muth tartrate, sodium auro-thiomalate and 
chromium trioxide In addition the effect of BAL 
on the physiological action of insulm was 
examined As a prelimmary step the toxicity 
of BAL itself was mvestigated 

Experimental 

Methods — ^The effects of BAL were investigated by 
mjection of freshly prepared watery solutions of the 
compound by vanous routes into mice, rats, guinea- 
pigs, and rabbits Rabbits anaesthetized with 25 per 
cent (w/v) urethane solution and cats anaesthetized 
with ether and chloralose (80 mg /kg i v ) were used 
to determme the acUons of BAL on the blood pres 
sure, heart (myograph), spleen volume (plethysmo 
graph and piston recorder), leg volume (plethysmo- 
graph and tambour), and respiration (stethographic 
lever) Isolated rabbit auricles, isolated perfused cat 
hearts, and isolated stnps of gut and uterus from 
rabbit, cat, and gumea-pig were examined in the usual 
way The vessels of the rabbit ear were perfused with 
salme according to the method of Gaddum and Kwiat- 
kowski (1938), but as no recording apparatus was avail- 
able the outflow was measured m drops per 15 sec 
using larger doses of drugs than would otherwise be 
necessary The method of mvestigaUng the effect or 
BAL on the diuretic activity of mersalyl was tha 
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dcscnbcd by Bum (1937) for the assay of the anti- 
diurctic potency of extracts of the postenor pituitary 
body 

The LD50 of the metalhc compounds was roughly 
determined by intra-pcntoneal injection in small 
groups of mice , 200 male mice of 20-30 g weight 
were then taken in four groups of 50 and given graded 
doses of the metallic compound so as to cover an 
adequate range of toxicity To half of each group 
of 50 BAL was then given in a standard dose of 
40 mg /kg 1 p and the mortalities noted after 24 
nours Where the detoxifying action of BAL was 
such as to cause all the animals so protected to sur- 
vive, the experiment was fcpcated with higher doses 
of metallic compound in the animals receiving pro- 
tection All injections with one metal were done at 
a single session The LD50 was read from the plot 
of log dose and probit of lethality 

Results 

Toxicity of BAL 

The LD50 of BAL dissolved m water was 
found to be 100 mg /kg for white mice injected 
mtraperitoneally, which agrees well with the 
0 8 mM /kg of Durlacher et al (1946) Three 
guinea-pigs given 150 mg /kg died, and three 
given 50 mg /kg survived , 12 rats survived 
40 mg /kg 1 p , and of six rabbits given 100 
mg /kg IV two died 

In mice a lethal dose given mtraperitoneally caused 
immediate weakness of the legs , analgesia was marked 
at this early stage, severe nipping of the tail being 
Ignored , respiration was slow and laboured, but no 
tremors were seen , clonic and tome convulsions 
followed, interrupted by periods of coma , death 
was accompanied by signs of asphyxia Sublethal 
doses produced marked ataxia and weakness but not 
convulsions In rabbits and guinea-pigs small doses 
(20 mg /kg 1 p ) produced blepharospasm and sneez- 
ing in 15 mm , followed by tremor, weakness of the 
legs, and ataxia m 30 mm to one hour Salivation 
was notable, unne and faeces were passed frequently, 
and the respiration was deep and burned If the 
dose was lethal the tremor increased to generalized 
convulsions, respiration was markedly impaired, and 
death occurred m tonic convulsion Post mortem 
the liver, spleen, kidneys, and gut were congested and 
the lungs covered with small haemorrhages Section 
of the lungs revealed haemorrhagic exudates 



Circulatory and respiratory effects 
In rabbits anaesthetized with 25 per cent (w/v) 
urethane, BAL in a dosage of 0 5-10 mg /kg 
m saline had no appreciable effect on the blood 
pressure or respiration, whereas 4 0 mg /kg 
caused a sharp rise in blood pressure of some 
20-30 mmHg and a stimulation of respiration 
which was mamtained for several minutes , this 
effect of small doses of BAL on the circulation 

G 


and breathing in the rabbit is illustrated in Fig 1 
Larger doses (20-40 mg /kg) caused a transient 
rise in blood pressure and stimulation of 
respiration which was followed by a steady decline 
m pressure and failure of breathing If the lethal 
dose was approached this course might be inter- 
rupted by convulsions, though usually the blood 
pressure declined to zero and the animal died 



30 

Fig 1 — Rabbit <? 2 4 kg Urethane 25 per cent i v and 
ether Upper record carotid blood pressure, lower 
record respiration (stethograph, mspiration down) 
Time in 30 secs BAL (4 0 mg /kg i v ) causes a 
rise m blood pressure and stimulation of respu^tion 

quietly after a few final gasps This was in con- 
trast to the mode of death of the unanaesthetized 
animal which convulsed violently, but the lethal 
dose was no smaller in the unanaesthetized 
ammal, nor was the toxic effect modified by 
atropine sulphate, vagotomy, or artificial respira- 
tion The isolated auricles of the rabbit con- 
tmued to beat well in the presence of BAL in 
high concentration (1 in 10,000) The perfused 
vessels of the rabbit ear were constricted by BAL 
Smgle injections of 3 0 mg BAL m salme caused 
sharp but very transient vaso-constriction , con- 
stant perfusion with BAL (1 m 10,0(K)) produced 
a reduction m flow 

In cats anaesthetized with ether, chloralose or 
nembutal, mtravenous BAL invariably caused an 
abrupt fall in blood pressure accompamed by 
transient shrinkage of the spleen If 20 mg /kg 
was given the blood pressure fell abruptly and 
was quickly but usually only partially restored. 
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though sometimes it rose again above the mitial 
level for a few imnutes The abrupt fall in pres- 
sure was accompamed by shrinkage of the spleen, 
or sometimes by dilatation , the phase of recovery, 
partial or complete, was accompamed by active 
splenic dilatation The leg was constricted and 
the heart unchanged in vigour and amplitude of 
beat so that splanchnic dilatation would appear 
to account for the early stages of the fall in 
pressure The relative degree of alteration m flow 
m the splanchnic and limb circulations accounts 
for the varymg responses of the blood pressure 
Respiration was stimulated Within a few 
minutes a progressive fall m blood pressure and 
mhibition of respiration ensued Neither the 
abrupt nor the progressive fall in blood pressure 
was prevented by atropine sulphate (1 5 mg /kg), 
by bilateral vagotomy or by artiflcial respiration, 
so that there is no question of vagal inhibition 
playing a part m the mitial fall in pressure nor 
of failure of oxygenation of the blood playing 
a part in the later fall in pressure After a few 
minutes, while the blood pressure was steadily 
fallmg, the spleen contracted maximally The 
blood pressure at this stage could be temporarily 
restored by injection of adrenalme or infusion 
of salme The restorative effect of sahne soon 



FiG 2 — Cat, iJ 3 kg wt Ether and chloralose, 80 
mg /kg Upper record carotid blood pressure, 
middle record splenic volume (plethysmograph and 
piston recorder), lower record leg volume (plethys- 
mograph-tambour) Injection pomts and time m 
30 secs are marked Atl,40mgBAL/kg was given 
IV at 1 1 43 a.m and 20 mg /kg repeated at 
12 0 a.m , 1 56 pm, and 2 10 p m (total 100 
mg /kg ) , 10 0 ml saline at 12 21 temporarily 

restored the pressure The time relationships are as 
follows 1=11 43 am, 2 = 11 50 am, 3 = 
1154 am, 4 = 12 06 pm, 5 = 12 24 pm, 
6 = 1 45 pm, 7 = 1 53 pm, 8=2 10 pm, 
9 = 2 20 p m 


passed off, blood pressure fell progressively, the 
spleen dilated again, respiration became slow and 
gaspmg, the leg volume remamed reduced, and 
if the dose was large enough death occurred 
despite artificial respiration. These changes are 
illustrated in Fig 2 When oxygenation was 
mamtamed by artiflcial respiration, the heart 
contmued to act well and only failed 5-10 minutes 
after blood pressure had reached zero The isolated 
perfused heart of the cat (Langendorff) showed 
no ill-effects from the mjection of up to 5 0 mg 
BAL and the rate of coronary flow was un- 
changed The progressive fall m blood pressure 
with an active heart, m the presence of peri- 
pheral vasoconstriction, suggests a steady leakage 
of fluid from the circulation The petechial 
haemorrhages seen on the lungs and liver indicate 
damage to capillaries and small vessels The 
mean packed cell volume m five anaesthetized 
cats was 36 6 per cent (the blood having been 
spun for 25 mm at 5,000 r p m ) , three hours 
after the administration of 100 mg BAL /kg and 
shortly before death took place it was 48 3 per 
cent, an increase of 32 per cent This indicates 
a severe degree of haemoconcentration, despite 
the fact that' an average of 25 ml of saline and 
other solutions had been given mtravenously in 
the course of the experiments, and it would 
appear to be the primary cause of death m 
anaesthetized animals, as Chenoweth (1946) 
indicated 

The odour of BAL could be detected m blood, 
urme, tears, and expired air, and in the freshly 
cut organs after death 

Action of BAL on the toxicity of metallic com- 
pounds Arsenic 

The arsenical preparation used was mapharside, 
freshly made up and injected in 0 25 ml sahne 
intraperitoneally into groups of white mice The 
LD50 for mapharside alone was found to be 
34 4 mg /kg , BAL had a strongly protechve 
action, raismg the LD50 to 350 mg /kg or ten- 
fold This action is illustrated m Fig 3 and is 
in agreement with the findmgs of Stocken, 
Thompson, and Whittaker (1947) with rats 

Twenty -four guinea-pigs of 350-400 g weight were 
given a daily injection of mapharside (15 mg /kg) 
subcutaneously , twelve were given m addition a daily 
injecUon of BAL (40 mg /kg ) mtraperitoneally &gh' 
of the gumea-pigs receiving arsenic alone had diea 
with symptoms of restlessness, twitching, diarrhoea, 
wastmg, and weakness between the fifth and 
of mjection, when the remamder were killed T e 
gumea-pigs receivmg BAL remained well and wer 
sacrificed on the tenth day Fresh specimens of live , 
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kidney, spleen and gut were sectioned, stained, and 
examined The chief lesions caused by arsenic poison- 
ing were necrosis of the liver lobules with much debris 
and exudate, severe disintegration of the glomeruli 
and tubules of the kidney, catarrhal changes in the 
mucous membrane of the gut and congestion of the 
spleen With necrotic changes in the pulp and nodules 
These changes w-ere prevented by BAL therapy, the 
most sinking differences being in the kidney It is 
evident that the combination of arsenic and BAL 
causes little tissue damage during its excretion 

Antimony 

The preparation of antimony used was tartar 
emetic, which proved to have an LD50 of-- 
56 2 mg /kg , 40 mg BAL /kg i p had a pro- 
tective action on mice poisoned with this com- 
pound, raising the LD50 to 71 6 mg /kg The 
results are illustrated in Fig 3 

Chromium 

The preparation used was chromium tnoxide, 
which had a,n LD50 of 66 3 mg /kg BAL 
(40 mg /kg 1 p ) had a protective action against 
chromium poisoning, raising the LD50 to 85 8 
mg /kg , this effect is illustrated in Fig 3 
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Fig 3 — ^The protective action of BAL (40 mg /kg i p ) 
on the toxicity of arsenic (mapharside) antimony 
(tartar emetic), chromium (chromic acid) and mer- 
cury (corrosive sublimate) in groups of white mice 
The ordmates are probits of lethality, the abscissae 
logs of the dosage BAL decreased the toxicity of 
each metal, an effect illustrated by the sluft of the 
lines to the nght 

Twelve guinea-pigs were shaved and given 0 25 ml 
of 5 per cent (w/v) chromic acid solution intracutane- 
ously as a wheal After five days there were well- 
established circular ulcers at each site of injecUon 
with a black sloughing eschar about half an inch 
across and a raised red areola for a quarter-inch 
round the ulcer The animals had recovered from 
the constitutional upset resultmg from chromium 
absorption At this pomt they were divided into two 


groups and half the animals treated with a daily 
application of acnfiavine ointment to the ulcers , the 
other half received the same ointment made up to 
contain 10 per cent of BAL The BAL omtment 
was kept cool between applications and retained its 
pungent odour to the end of the experiment The 
' ulcers treated with BAL became soft, filled in rapidly 
and had healed in 30 days , the ulcers treated with 
acnfiavine alone were still indurated and approxi- 
mately one quarter their original size after 40 days, 
when the animals were sacnficed It is suggested 
that treatment with BAL ointment, and, if necessary, 
systematically administered BAL, would be of value 
in industnal chrome ulceration 

Mercury 

The preparation tested was mercuric chloride, 
the LD50 of which was 120 mg /kg , BAL had 
•a protective effect on animals poisoned with this 
salt, raising the LD50 to 281 mg /kg (see Fig 3) 
According to Long and Farah (1946) intravenous 
injection of BAL reduces the lethality of intra- 
venous ‘ salyrgan ’ in mice, and protects the 
cardiovascular system of anaesthetized dogs from 
the toxic effects of this mercurial compound In 
the present work the LD50 of mersalyl B P solu- 
tion was found to be 169 mg /kg ip m mice 
BAL (40 mg /kg ip) immediately after the 
diuretic lowered the LD50 to 100 mg /kg For 
mersalyl given intravenously the LD50 was 
120 mg /kg and BAL (20 mg /kg) also given 
intravenously protected many of the mice from 
the violent convulsions caused by intravenous 
mersalyl and raised the LD50 to 165 mg /kg 

The effects of BAL are discussed later, but some 
clarification was provided by the results of tests of 
the effect of mersalyl on water diuresis in groups of 
rats BAL (40 mg /kg i p ) acted as an antidiuretic, 
suppressing unne for 3-4 hours Mersalyl (100 mg / 
kg i p ) caused immediate anuna and death followed 
after 48 hours, but if the two were given mtrapen- 
toneally within a few minutes of one another suppres- 
sion was much less than with either alone, and the 
rats survived In a double expenment using 16 rats 
the animals when watered and given subcutaneous 
saliije had a diuresis of which the peak occurred after 
65 min , after subcutaneous mersalyl (10 mg /kg) 
and saline the peak occurred at 72 min Repetition 
of mersalyl (1 0 mg /kg ) and sahne after one week 
gave a figure of 73 mm , whereas mersalyl s c and 
BAL (4 0 mg /kg ) i p gave a figure of 90 mm It 
follows that mersalyl and BAL m large doses each 
have a delaying effect on the excretion of unne from 
normal rats and that given together they tend to 
cancel one another , with small doses this effect is 
not seen 

Chronic mercunal poisoning was induced m 12 
rabbits by giving them mercury perchlonde (10 mg / 
kg) for ten days, and m 16 guinea-pigs by givmg 
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5 0 mg /kg 1 p daily The ammals so treated lost 
weight and developed diarrhoea and tremors and died, 
the guinea-pigs hvmg for only 4 days, the rabbits for 
12-16 days Half the rabbits were also given 2 5 mg 
BAL/kg s c dafly, and half the guinea-pigs 40 mg / 
kg. The ammals given BAL survived in good health 
until sacnficed Microscopy revealed marked necrosis 
of liver,' kidney, and gut in the a nim als poisoned 
with mercury, and an absence of these lesions in 
the animals protected with BAL 

Lead 

The salt used was plumbi acetatis B P , the 
LD50 of which was 461 mg /kg i p , BAL 
(40 mg /kg up ) had an additive effect on the 
toxicity of this substance, the LD50 fallmg to 
416 mg /kg , this effect }s shown in Fig 4 

Gold 

The salt used was sodium aurothiomalate and 
the LD50 found was 1 096 g /kg ip , BAL had 
an additive effect on the toxicity of this com- 
pound, reducing the LD50 to 812 mg /kg, an 
effect shown m Fig 4 Successful chmeal use 
of BAL m cases of gold poisomng is reported by 
Cohen, Goldman, and Dubbs (1947) 

Bismuth 

The salt tested was sodium and potassium bis- 
muth tartrate, the LD50 of which was found to be 
676 mg7kg 1 p BAL had an additive effect on 
the toxicity of this compound, reduemg the LD50 
to 288 mg /kg , this effect is shown m Fig 4 
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Fig 4 — The action of BAL (40 mg /kg i p ) on the 
toxicity of lead flead acetate), bismuth (sodiuirLand 
potassium bismuth tartrate) and gold (sodium 
auro-thiomalate) m groups of white mice The 
ordinates are probits of lethahty and the abscissae 
logs of dosage BAL increased the toxicity of each 
metal, an effect illustrated by the shift of the Imes 
to the left. 


Effect of BAL on the action of insulin 
Barron, Miller, and Meyer (1947) state that the 
action of msuhn (0 8 U /kg ) is inhibited by BAL 
in doses of 0 1 g /kg i v Larger doses of BAL 
reduce the blood sugar of rabbits and prove fatal 
u In the present expenments a group of five 
rabbits about 2 0 kg weight were starved over- 
night and a blood sample of 0 5 ml' drawn from 
the marginal ear vein of each rabbit and pooled 
in a hepannized tube The ammals were given 
0 5 U /kg soluble insulin subcutaneously and 
pooled blood samples collected every hour After 
three days the experiment was repeated with the 
addition of 25 mg BAL/kg up The mean 
blood sugar level after three hours had fallen by 
75 per cent with the animals given msuhn alone, 
whereas with insulin and BAL the level at three 
hours had fallen by 21 per cent The msuhn by 
itself gave a more precipitate and a more pro- 
longed fall m blood sugar level than did the 
msuhn in the same animals treated with BAL 
This inhibitor effect of BAL on the action of 
insulm is illustrated m Fig 5 



Fig 5 — ^The mean blood sugar curve m 

05 U/kg soluble msuhn sc., and the^^ 
BAL (25 mg /kg i p ) m reducing the eflect ol me 
same dose of msuhn m the same animais. 
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Discussion 

It has been shown m the present work and 
m the work of others quoted that BAL is an 
effective antidote to poisoning by arsenic, mer- 
cury, antimony, chromium, nickel, and cadmium 
McCance and Widdowson (1946) found that the 
closely related BAL-glucosidc promotes excretion 
of copper and zinc salts, and it has further been 
shown that iron and thallium arc unaffected by 
thiol compounds whereas lead and sclemum arc 
rendered more toxic Bismuth and gold were 
found to be made more toxic to mice by BAL 
in the present work but according to Braun et al 
(1946) BAL rendered bismuth less toxic to rabbits 
and according to Ragan and Boots (1947) gold less 
toxic to man These differing results together 
with the apparently contradictory results obtained 
in the present work with mersalyl, and also the 
complex manifestations of the toxicity of BAL 
Itself are attnbutable to the presence of sulphydryl 
groups in its molecule Webb and van Heyningen 
(1947) point out that BAL inhibits the activity 
of any enzyme which contains a heavy metal, 
capable of being hnked with available SH, as 
prosthetic group to the protein moiety of the 
enzyme Such an activity would account for the 
widely diffenng phenomena of BAL poisoning — 
convulsive action on the C N S , drop m blood 
sugar, mterference with respiration, and presum- 
ably also the damage to the small vessels which 
produces such marked alterations m the circula- 
tion The smooth muscle of penpheral vessels 
appears to be much more sensitive to BAL than 
the muscle of gut, uterus, the heart, or coronary 
arteries, and the differing initial response of the 
spleen and hmb volumes to intravenous injection 
of BAL needs further examination 
Gilman et al (1946) pomt out that with cad- 
mium the compound formed in vivo by BAL is 
a soluble substance which proves on isolation 
to have a greater toxicity than cadmium chloride 
itself This increased toxicity is caused by in- 
creased pathogenicity to the kidney The arsemc, 
mercury, chromium, and antimony preparations 
used to determine the LD50 m imee are highly 
irritant to the pentoneum, quickly absorbed and 
cause gross renal damage on excretion , mtra- 
pentoneal treatment with BAL reduced the 
toxicity of these compounds and prevented visible 
damage to the kidney The products of linkages 
between BAL and these metals must be of such 
a nature that they are not toxic to the kidney 
on excretion The reduction of acute toxicity of 
the metallic compound may be due to production 
of a non-irritant compound by reaction with BAL 


in the peritoneal cavity, and this compound may 
be absorbed more slowly and excreted in a non- 
toxic form The salts of gold, bismuth, and lead 
which were used have a much higher LD50 than 
the group of metals discussed above, when given 
intrapcntoneally They are not so irritant as the 
former , they tend to be precipitated and to be 
absorbed slowly, and thus the cause of their acute 
toxicity IS probably different from that of the 
others BAL-metal complexes with these metals 
may be absorbed more quickly or be more toxic 
than the metallic salts themselves 

A point of importance is suggested by the 
finding of Gilman et al (1946) that the 
BAL-cadmium complex formed m vitro differs 
markedly from the complex formed in vivo In 
the present work with mice the metaUic salts were 
given intraperitoneally followed by the BAL at 
the same site If an in vitro type of precipitate 
were formed in the peritoneal cavity, this might 
well differ in stability, absorption rate, and 
toxicity from the type of compound formed in 
VIVO in rabbits which were injected mtramus- 
cularly at different sites with bismuth and BAL by 
Braun et a I (1946) or from that m man given 
gold and BAL at separate sites and times by 
Ragan and Boots (1947) The same phenomenon 
of formation of different mercaptides with dif- 
ferent toxicities accordmg to the conditions of 
reaction of the metal and the thiol compound may 
account for the opposite effects of BAL on the 
toxicity of mersalyl given mtrapentoneally and 
intravenously 

The many toxic properties of BAL and the 
variability of its effects indicate that some other 
related compound would be preferable for thera- 
peutic use Damelli, Danielh, Mitchell, Owen, 
and Shaw (1946) give evidence that BAL-glucoside 
may be suitable 

Summary 

Bntish Anti-Lewisite (BAL) has an LD50 of 
100 mg /kg 1 p in white mice It causes con- 
junctivitis, ataxia, rapid and then impaired 
respiration and convulsions in small mammals 
In anaesthetized rabbits small doses (4 mg /kg ) 
cause a temporary rise in blood pressure, but m 
cats only a fall in pressure is seen , this is con- 
sidered to be due mitially to splanchnic dilatation, 
but the mam effect on the circulation of anaes- 
thetized cats IS a progressive fall m blood pressure 
despite constriction of the leg and spleen and an 
active heart Loss of fluid from the capillaries 
leading to haemo-concentration and a state of 
shock IS held to be the cause of death in anaes- 
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thetized animals, whereas convulsion is the cause 
of death in mtact animals 
BAL has a protective action on white mice 
poisoned with arsenic, mercury, antimony, and 
chromium and a deletenous effect on mice 
poisoned with lead, gold, and bismuth It pre- 
vents or reheves tissue damage caused by chrome 
poisonmg with arsemc, mercury and cluomium 
BAL inhibits the action of insuhn Some apparent 
anomahes m the detoxifymg action of BAL are 
discussed. 

A pure sample of BAL was obtamed from the 
Mmistry of Supply The expenses of the mvestiga- 
tion were m part defrayed by a grant from the 
Rankm Research Fund, University of Glasgow, to 
one of us (J H), and m part by a grant from the.- 
Medical Research Council One of us (J D P G) 
ho'ids an 1C.1 FeYiows’mp in F'narmaco’iDgy, \5ni- 
versity of Glasgow We desire to express our grate- 
ful appreciation of the mterest taken m the work by 
the late Prof N Moms 
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iNTRODUerriON 

The results described in this paper are not by 
any means complete, nor are they in every respect 
unequivocal, but the author feels justified in pub- 
lishing them as they stand if onlv because, in the 
present state of our knowledge of anthelminthics, 
almost any serious contribution to the field is 
likely to be of value to others engaged upon its 
many problems The results of biological tests 
df about 200 synthetic compounds for anthel- 
minthic properties are described, and the author 
wishes to express his thanks and profound in- 
debtedness to Prof E Friedmann, to whom the 
broad plan of the work was due, and without 
whose expert chemical work the investigation 
could not have been undertaken With a few 
exceptions, all the substances tested were prepared 
in this laboratory by Prof Friedmann, latterly 
with the assistance of Mrs B Berrill 

The aim of the investigation was to discover as 
much as possible about the relationship between 
chemical constitution and anthelminthic potency 
and to find, if possible, new drugs that might be 
of value in the treatment of nematode infestations 
It must be emphasized that, while the term 
“ anthelminthic ” as ordinarily employed refers 
indiscnmmately to drugs acting upon parasitic 
worms of any kind, in the present context it relates 
specifically to compounds acting upon nematodes 

Recent work on the chemotherapy of microbial 
diseases has led to the discovery of the sulphon- 
amides, pemcillm and a number of other specific 
antibiotics such as atebrin and plasmoquine, and 
to the beginnings of a rational approach to chemo- 
therajjeutics In the field of anthelminthics, how- 
ever, although a considerable amount of work has 
been done, no comparable new drugs have been 
discovered, and advances can at present only be 
expected from the classical method of tnal and 
error While the comparatively recent mtroduc- 
tion of hexylresoremol in cases of nematode m- 
festation undoubtedly represents a great advance 

H r 


in therapy, especially in ankylostomiasis, the 
drug most widely used in human ascanasis is still 
santonin, the active principle of Artemisia mari- 
tinia, var anthelminthicum, a remedy that has 
come down to us from antiquity 

Choice of a Method 

A perusal of the literature indicates that the 
highest orders of anthelminthic activity may be 
expected among lactones, some of which have 
been reported (eg, by Gluschke, 1932 , Rosen- 
mund and Schapiro, 1934) to be even more potent 
than santonin, itself a lactone Our own results, 
however, indicate that the conclusions of earlier 
workers m,the field must be accepted with con- 
siderable reserve, for, although we have tested 
more than 30 lactones of \arious types, not one 
has proved to have activity comparable with or 
even approaching that of santomn That our 
results stand in marked contrast to those of other 
investigators we attribute to the use of different 
methods of in vitro testing Relatively few tests 
appear to have been made on nematode-infested 
hosts, and many of the observations and conclu- 
sions reported in the literature have undoubtedly 
been prejudiced by the use of annelid matenal 
for the detection of anthelminthic potency in vitro 
This method became current after jts acceptance 
by Trendelenberg (1916), who, findmg Ascaris a 
very refractory material, resorted to the earthworm 
as a convenient alternative “ Dass die Regen- 
wurmer in derselben Weise wie die Spblwiirmer 
auf Santomn mit Erregung reagieren wxirden 
schein hochst wahrschemlich,” he wrote But 
Lamson and Ward (1936) condemned the use of 
earthworms as “ irrational ” and showed that “ a 
comparative study of the lethahty of 121 widely 
diversified chemical substances on both earth- 
worms and pig Ascaris shows no correlation of 
action ” 

The extensive studies of Lamson et al (1935, 
1936), which led to the discovery of the valuable 
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anthelminthic properties of hexylresorcmol, were 
earned out on intact specimens of pig Ascaris, a 
notable advance m the technique of in vitro test- 
ing But whole Ascans is not a rehable test 
object As long ago as 1885, von Schroeder 
studied the influence of vanous substances upon 
mtact roundwortns and was astomshed by then- 
resistance to drugs of many kmds Most surpns- 
mg of all was his observation that santonm, m 
spite of its estabhshed reputation as an anthel- 
mmthic, seemed to have little effect, even when 
apphed m saturated solution over periods of many 
hours Trendelenberg (1916) referred to a number 
of similar observations Lamson and Brown 
(1936) likewise were unable to demonstrate that 
santonm has any significant effect upon mtact 
Ascaris, and it was only when its action was tested 
upon isolated anterior fragments of the worm 
(Rebello and Rico, 1926 , Baldwm, 1943a) that 
any effect of santonm was conclusively demon- 
strated in vitro Baldwm came to the conclusion 
that, m fact, santonm acts by paralysmg the 
central nervous system of the parasite without 
much affectmg the peripheral neuro-muscular 
systems, so that the worms are, m effect, mco- 
ordmated by its action, though not “dead” or 
even moribund to casual observation 

Baldwm (1943a) used small, tied-off neuro- 
muscular preparations of pig Ascans with an 
mtact cuticular layer Unlike earthworm and 
leech preparations, these do not react to any of 
a large number of compounds known to be devoid 
of anthelmmthic properties though possessmg 
powerful physiological or pharmacological activity 
of other kmds, but respond nevertheless to most 
drugs of acknowledged anthelmmthic potency 
Earthworms and leeches are notonously sensitive 
to a wide range of chemical compounds, many 
of which possess no known anthelmmthic activity 
whatever, and we cannot beheve that results 
obtamed with these materials can necessarily be 
apphed without reservation to nematodes 

As was pointed out m an earlier paper (Baldwin, 
1943a), our normal test preparations ^of Ascaris 
fail to respond to acetylcholme, with or without 
eserme, even at concentrations as high as 1 5,000 
Followmg Up this mterestmg phenomenon we 
later devised an Ascaris preparation of which the 
muscle can be directly exposed to the action of 
any desired drug (Baldwm and Moyle, 1947) 
m our normal test preparations the musculature 
IS surrounded by an mtact cuticular layer With 
the new “ exposed ” preparations we found that 
the isolated muscle is stimulated by acetylchohne 
at concentrabons of the order of 1 10^-1 10* 


The response is not demonstrably potentiated by 
eserme and' is, apparently, a pure mcotme action 
(Baldwm and Moyle, 1948) Earthworm or 
leech muscle, by contrast, reacts both to the 
nicotine and muscarine effects of acetylcholme, as 
well as to adrenalme and a number of other com- 
pounds to which isolated Ascans muscle shows no 
response whatever To the evidence already 
adduced by Lamson and Ward (1936) we can thus 
add direct pharmacological evidence of the 
unsuitabihty of annelid matenal as a test object 
m anthelmmthic studies 

The failure of our normal preparations to 
respond to acetylchohne shows, not that the muscle 
IS insensitive to this compound, but rather that the 
cuhcle IS impermeable to iL There is other evidence 
to show that the cuticle of Ascans displays highly 
selective permeability (Tnm, 1944) It would 
appear, therefore, that a satisfactory anthelmmthic 
must jmssess at least two attributes it must 
{a) be capable of penetrating the nematode cuticle 
and (h), havmg so penetrated, have a deleterious 
action upon nematode tissues Any sound in 
vitro method for the detection and measurement 
of anthelmmthic activity should therefore be 
based upon material of nematode ongm and with 
an mtact cuticular layer Earthworm and leech 
preparations of the kind usually employed possess 
nothing analogous to the cuticular bamer present 
m our Ascans preparations, nor is there any 
guarantee, nor even any a priori probabflity, that 
their responses to a given drug can furnish any 
clue to the action of that drug upon the tissues 
of the nematode Not only do they belong to an 
entirely different anim^ phylum, but the 
Nematoda as a whole display many unique 
morphological and physiological features (see, for 
example, Lapage, 1937) 

The use of these Ascaris preparations has certain 
rather sharply defined limitations, however First, 
some drugs that fail to gam access to the tissues 
by way of the cuticle imght be able to penetrate 
by way of the mouth and the alimentary tract, 
which IS occluded m our preparations Further, 
our preparations cannot detect directly the anthel- 
mmthic potentialities of any compound wh'ch, 
like certam arsenicals (da Costa, 1931), rehes upon 
the tissues or digestive secretions of the host for 
their evocation Last, and most important, our 
preparations are unlikely to detect anthelmmthic 
activity m compounds that act otherwise than upon 
the neuro-muscular apparatus, but the sharp ^ 
positive correlation between acknowledged anthel- 
mmthic potency and positive in vitro responses 
observed ' m our oarher experiments (Baldwm, 
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1943a) would seem to prove that practically all 
the well'tned, acknowledged anthelminthics do, in 
fact, act upon the neuro-muscular apparatus 
Nevertheless, two important drugs failed to evoke 
any response — viz , phenothiazine and gentian 
Molet, both of which enjoy a high reputation in 
therapeutics The mode of action of these com- 
pounds IS still somewhat obscure It is possible 
that they undergo conversion within the host into 
potent anthelmmthic products, but it is possible 
also that they act otherw se than upon the neuro- 
muscular mechanisms, possibly upon the repro- 
ductive organs It accordingly follows that our 
present experiments do not cover the complete 
field of actual or potential anlhelmmthics, but in 
the absence of convement routine methods for 
investigating substances that act through other 
channels the procedure used in the present study 
seems, in spite of the limitations already enumer- 
ated, to offer the most profitable line of immediate 
approach 

Essentially, therefore, our observations cover 
the activity only of compounds that act upon the 
neuromuscular apparatus and gam access thereto 
by way of the cuticle 

Procedure 

Different anthelmmthics undoubtedly act in 
different ways Lamson and Ward (1932) have 
divided anthelminthics mto five groups according 
to whether they (i) cause temporary narcosis or 
paralysis followed by recovery, (u) narcosis or 
paralysis followed by death, (iii) injury to the 
cuticle, (iv) digestion of the parasites, or (v) un- 
explained death All the drugs in general use have 
one property m common when apphed to our 
test preparations all lead to paralysis of the 
anterior region of Ascans This paralysis is some- 
times followed by other phenomena for example 
by contracture with phenohc drugs such as hexyl- 
resorcmol, thymol, and j3-naphthol , occasionally 
the sequelae are strongly characteristic of indi- 
vidual drugs We have not been able to rule out 
the possibihty that the paralysis observed in our 
tests might sometimes be followed by spontaneous 
recovery, but no such recovery has been observed 
m the course of the work Smce, therefore, our 
experiments were mamly of an exploratory nature, 
we decided to use the common feature of paralysis 
as our cntenon This is certainly convenient and 
for the most part probably reliable, its use is, 
we felt, preferable to settmg up different criteria 
for mdmdual drugs or groups of drugs, none of 
which might be quite comparable with another m 
any case 


All the biological tests reported here were car- 
ried out on “ anterior preparations ” by the method 
already described (Baldwin, 1943a) The drugs 
were prepared for testing by the methods descnbed 
in the same paper, and each compound was tested 
at several different concentrations, each test 
usually lasting for 30 min This enabled us to obtain 
approximate quanbtative data descriptive of the 
potencies of the compounds by awardmg “ marks ” 
according to the following scale 

'Mark' ' 

Producing paralysis in < 10 min -f + + -f 
„ M >. 10 min -1--)- + 

,, ,, ,, 10-20 min -p-l- 

„ „ „ 20-30 min + 

„ , ,, > 30 mm (-1-) 

Very weak or doubtful ± 

Inactive — 

In order to obtam more precise data it would 
have been necessary to work statistically, and the 
time taken to do so would more than have 
outweighed the advantages gained by using this 
relatively rapid m vitro technique The more active 
and therefore more interesting compounds were 
tested several times and the results averaged, but 
two or three tests were carried out with every com- 
pound As a precaution against unwilful selection 
of evidence, each substance was allotted a code 
number and tested before its identity was disclosed 
As standards of reference we earned out 
numerous experiments with a number of well- 
known drugs, the results of which are set forth 
m Table I m terms of the concentration of each 
required to produce complete paralysis of the 
anterior region m 20-30 mm- 


TABLE I 

ACTIVITIES OF SOME STANDARD COMPOUNDS 


Compound 

Concentration 
producing 
paralysis in 
20-30 nun 

1 Nature of 
[ prepara tion 

Santonin 

1 100,000 

[ Solution 

Hexylresorcinol 

1 10,000 

1 

^Benzylphenyl carbamate 
^ymol 

1 6,000 

1 6,000 

II 

II 

3-Naphthol 

I 6,000 

} 1 

Emulsion 

Oil of Cheiiopodwni 

1 6,000 

Carbon tetraebJonde 

1 2,000 

II 

Tetrachloroethylene 

1 2,000 

II 

Chlorbutol 

1 1,000 

Solution 


The Action of Santonin 

Santomn has been used in the treatment of 
certam nematode infestations smce the dawn of 
history and its efiicacy m practice has never been 
senously questioned But to this day we do not 
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know what group or radical is responsible for its 
outstanding activity Trendelenberg (1916) dis- 
covered that previously denervated fragments of 
earthworm muscle remain practically motionless 
in Ringer’s solution but that, on the addition of 
santonin, their tone rises sharply, leadmg to the 
onset of powerful rhythmic contractions wh ch 
persist as long as santonm is present m the 
medium The same effect, which is freely revers- 
ible, was also evoked by desmo/roposantoipn, by 
santonm oxime and by tetrahydrosantonm, all of 
which contain unmodified the lactone nng present 
in santonm itself Santommc acid, m which the 
lactone ring is opened, was quite mert, even m 
relatively concentrated solutions, and Trendelen- 
berg therefore concluded that santonm owes its 
stimulant action to the presence of its lactone 
nng In support of this conclusion he pomted 
out that other lactones — e g , pilocarpine and 
coumarme, similarly lose their charactenstic effects 
if the lactone ring is opened 

Oswald (1924) pomted out that the physiological 
activity of many substances is destroyed by the 
introduction of a carboxyl group into the molecule 
and suggested that the inactivity of santommc 
acid might be due to the presence of its free 
carboxyl radical rather than to the absence of the 
lactone ring In support of Trendelenberg’s view, 
Josephson (1931) found that santommc amide, like 
the acid, is mert On the other hand, Oshika 
(1921) found that the ethyl esters of santommc 
and santomc acids were both active towards 
earthworm muscle, the correspondmg free acids 
being mert It would therefore appear that, at 
least as far as earthworm muscle is concerned, the 
activity of santonm cannot be due solely to the 
lactone rmg ^ 

Cams and Mhaskar (1923), workmg on patients, 
infested with Ascaris administered a number of 
santomn derivatives and determined the percen- 
tages of cases cured by one test treatment Some 
of their results are recorded m Table 11 The 
behaviour of santommc acid might, of course, be 
due to the ease with which, under acid conditions 


TABLE II 

(Results of Caius and Mhdskar, 1923) 


Compound 

% patients cured b) 
one test treatment 

Santonin 

80 

Santommc aad 

73 

Santonlc aad 

84 

Santonous acid 

67 

Des7no^ropos^r^tonia 

0 

Santonone 

0 


such as prevail m the stomach, the free acid revers 
to the lactone 

But lactonization is not possible m either san- 
tomc (unless perhaps after previous reduction) or 
in santonous acid, both of which were active 
Cams and Mhaskar came therefore to the conclu- 
sion that the active centre of the santomn molecule 
IS the ketonic group of the unsaturated nng This 
IS present m santonm, santommc acid and santomc 
acid Santonous acid is usually figured m its 
enohc form, but that it can undergo ketonization 
IS evident since it forms an oxime with hydroxyl 
amine and a hydrazone with phenylhydrazme 
Desmotroposmiomn, which forms neither an 
oxime nor a hydrazone, does not ketonize and is 
inactive, santonone, also mert, likewise possesses 
no ketonic groupmg 

Two further possibilities come to mind Anthel- 
minthic activity might be attnbutable to the 
presence of an unsaturated rmg Lamson et al 
(1935), for example, found that 4-phenylphenol 
was very much more active than 4-cyc/ohexyl- 
phenol , Lautenschlager (1921) and Rosenmund 
and Schapiro (1934) similarly found great 'increases 
m physiological activity among lactones when 
phenyl groups were introduced, and we too have 
found that the introduction of a phenyl radical 
leads to great increases m anthelmmthic activity 
m several groups of substances, notably among 
lactones, thiazoles, and pyridmes But tetrahydro- 
santomn (272), although fuUy saturated, proved m 
our tests to be as active as santomn itself 

A further possibihty, that the angular methyl 
group present m santomn and all its active 
derivatives may be mvolved, seems worth investi- 
gating m view of the importance of groups of this 
kind m determmmg the action of sex hormones 
The masculinizing hormones (androsterone, 
testosterone) possess two angular methyl radicals 
and the oestrogenic hormones (oestrone, oestradiol) 
one only, while progesterone, which suppresses 
some of the characteristic features of feminine 


TABLE III 


Active as santonin 

Inactive 

Santomn (jj) 

*3 Santomn {32) 

Santommc aad {225] 
Tetrahydrosantonm (272) 
Santonm oxime (239) 

d Desmotroposantomn (223) 

1 Desiiwtrofiosantonm (224) 

1 Desmotropo 3-santonm) {263) 
d Santonous aad (261) 

1 Santonous aad {241) 

Santomc acid (226) 

Ethyl santonate (256) 
Allantolactone {34) 

4< Santonm {33) 


* Isomeric with santonin (Clemo 1934) activity ca 20^ that ol 
santonin (^Idwin 1943b) 
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sexuality while emphasizing others, resembles the 
androgens in containing two such groups 
We have not attempted an exhaustive survey 
of the structure-activity relationships of the 
santonin group, but the results listed in Table III, 
which summarize the results of our experiments 
on these substances, are of some interest In all 
the active compounds with the exception of 
santonimc acid, which probably owes its activity 
to the ease with which it reverts to santonin in 
aqueous solution, we find three structural features 
m common These are 

(fl) an intact y-lactone ring, 

(b) a double bond at position 7, and 

(c) an angular methyl group at position 10 

The numbenng, which is arbitrary, refers to the 
following structure 



One or more of these characters is absent from 
all the inert derivatives The mactivity of santonic 
acid IS evidently not due simply to the fact that 
It contams a free carboxyl radical, for its ethyl 
ester also is mert , probably, therefore, the in- 
activity of the* acids cannot be attnbuted solely 
to their free carboxyl groups 
Although there is msufficient evidence to prove 
that the methyl group at position 10 is essential. 
It seems very probable mdeed that the other two 
features must both be present if the substance con- 
cerned IS to possess anthelminthic action We 
may therefore suspect that santomn owes its 
efficiency to the simultaneous presence of both 
these features rather than to the presence of either 
alone One of the difficulties that stand in the way 
of the further pursuit of the santonin problem is 
the considerable doubt that still attaches to the 
structure of some members of the group We may 
tentatively suggest however that both the lactonic 
and the ketonic groups contribute to the total 
anthelminthic potency of the santonin molecule 
and of its active denvatives As we shall show in 
later sections of this paper, both these groupings 
possess potentialities for anthelminthic activity, 
and the outstanding potency of santonin itself may 
perhaps be due to the unique manner in which 
these two active centres are hnked together 
Fmally, though at present there is insufficient 
evidence to show that the angular methyl group 


plays any part in determining the activity of 
members of this group of compounds, this is a 
possibility that cannot at present be eliminated 
and would probably repay further investigation 
Clearly, the santonin problem is stiU a long 
way from its solution and much more work is 
needed before any final conclusions can be drawn 
Taking santomn as our starting point it seemed 
desirable to discover whether its powerful activity 
is shared by other unsaturated ketones on the one 
hand, or by lactones on the other Our expen- 
ments on these groups of compounds are presented 
in the next two sections , the remainmg sections 
are devoted to certain other groups — viz , phenols, 
thiazoles, pyndines, and miscellaneous substances 


Results and Discussion 

In the Tables (IV-XXIII) recording the expen- ^ 
mental results the name or formula of each com- 
pound IS followed by the “ mark ” awarded, the 
concentration tested and the code number, thus 
C.HjCOCHj ++ 1 1,000 105 


1 Aliphatic-aromatic ketones 


Benzyhdene acetone can be derived (on paper) 
by partial “ dissection ” of santonin 



santomn 




benzyhdene acetone 


This compound and a group of related ketones 
(Table IV, A) proved to possess appreciable 
anthelminthic potency and attempts were made 
to increase this by chemical mampulation of the 
molecules Activity here seems to be mainly 
associated with the ketonic group, the presence of 
one or more unsaturated linkages m the side- 
cham mcreasmg the activity somewhat Replace- 
ment of the phenyl by a furfuryl radical (56) 
reduced activity considerably 

Notable increases in activity were obtamed by 
the mtroduction of alkyloxy radicals mto position 
4 of benzyhdene acetone but not of acetophenone 
(Table IV, B) This suggests that the unsaturated 
side-chain of benzyhdene acetone carries greater 
anthelminthic potentialities than the saturated 
side-cham of acetophenone Among homologous 
alkyloxy denvahves maximal activity was found 
in the 4-ethoxy compound, a fall m potency 
occurring when the length of this radical was 
further increased The influence of the position 
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TABLE IV 


A QHtCO CHj 

■gi 

1 1000 

105 

CeHsCH.CX) CH, 


1 1000 

80 

CjEjCH CHCOCHj 


1 1000 

. 92 

QHsCH CHCH CHCXDCHj 


1 1000 

120 

QHjOCH CHCOCH, 

Bi 

1, 1000 

86 

B C,H.CO CH, 

-f + 

1 1000 

105 

4-CH,0 C,H4C0 CH, 

++ 

1 1000 

95 

4-C,H,0 QHiCX) CH, 

+-1- 

1 1000 

93 

C,H,CH CHCOCH, 

-f-f 

1 1000 

92 

4-CH,OC,HiCH CHCOCH, 

+-b 

1 2000 

113 

4-CH,CH,0 C,HiCH CHCOCH, 

+ 

1 5000 

81 

4-CH,CH,CH,0 C<,HUCH CHCXDCH, 

(+) 

1 5000 

82 

4-(CH,),CHO C.H4CH CHCOCH, 

i 

1 2000 

89 

4-CH, CHCH.OC.H^CH CHCOCH, 

+ 

1 2000 

84 

4-CH,CH,CH,CH,0 CjELCH CHCOCH, 

+ 

1 2000 

83 

C 4-CH,0 C,H,CH CH CO CH, 

-f+ 

1 2000 

- 113 

3-CH,0C,H4CH CHCOCH, 

+ 

1 2000 

100 

Z-CHjOC.HiCH CHCOCH, 

i+) 

1 2000 

98 

4-C,H.O CJLCH CHCOCH, 

+ 

' 1 5000 

81 

3-C,H,0 C,H,CH CHCOCH, 

+ 

1 2000 

99 

2-C,H50 C,H4CH CHCOCH, 

(+) 

1 2000 

97 


of the alkyloxy group was next determined, 
maximal and minimal activities bemg found for 
positions 4 and 2 respectively (Table IV, C) The 
effects of pairs of alkyloxy radicals are not 
additive in the acetophenone senes, and in the 
benzylidene series are actually antagonistic (Table 


V, A) The introduction of allyl groups served 
o^y to dimimsh the existing activity (Table V, 
B) 

The hitherto unsubstituted methyl group of the 
ketonic side-cham was now modified by the intro- 
duction of further CHj or C^Hjj radicals This 


TABLE V 


3 2 

A Acetophenone derivatives 4^ ^CXICHa 


4-ethoxy 





-f 


1 2000 

93 

2 4-diethoxy 





+ 


1 2000 

218 

Benzylidene acetone denvatives 





3 

2 







4< 


^CH 

CH CO CH, 


4-methoxy- 





+ -f 

1 2000 

113 

4-ethoxy- 





-1- 


1 5000 

81 

3 4-diniethoxy — 

- 




— 


1 2000 

91 

3 4-methylenedioxy- 





(+) 

1 2000 

85 

3 -methoxy-4-ethoxy 





± 


1 2000 

88 

2-methoxy-4-ethoxy 





(+) 

1 2000 

104 








Same compound 

B Benzylidene acetone derivatives 






Without allyl 


2-methoxy-4-allyl- 

± 

1 

2000 

109 


■Rj 

1 2000 

98 

2-ethoxy-4-allyl 

— 

1 

2000 

110 


^IcSI 

1 2000 

97 

4-ethoxy-3-alIyl 

± 

1 

2000 

i06 


^IeB 

1 5000 

81 

2-methoxy-4-ethoxy-3-allyl 


1 

2000 

108 


BRSj 

1 2000 


3-methoxy-4-ethoxy-5-allyl 


1 

2000 

107 



1 2000 

oo 
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TABLE VI 


4 -CH 3 O C 6 H,CH,CH 5 CO CHa 

(+) 

I 2000 

121 

4-CHsO CflH4CHsCH, CO CH.CH, 

+ 

1 2000 

122 

4 -CH 3 O C 8 H 4 CH 3 CH. CO CHtCH.CH, 

(+) 

1 2000 

123 

4-CH30C8H4CH CHCOCH, 

+ + 

1 2000 

113 

4-CH30QH4CH CHCOCH.CH, 

+ + 

1 2000 

115 

4-CH,0 QH 4 CH CH CO CH 1 CH.CH 3 

(+) 

I 2000 

117 

4-C.H60 C 6 H 4 CH CHCOCH, 

-f- 

1 5000 

81 

4-C.HsO CgHjCH CH CO CH.CHj 

+ 

1 5000 

112 

4 -QH 5 O C.H 4 CH . CH CO CHjCH.CHj 

insol 

uble 

111 

4 -CIQH 4 CH CHCOCHj 

+ + 

1 2000 

101 

4-aC»H4CH CHCOCHjCHj 

insol 

uble 

102 

CiH,OCH CHCOCHs 

(+) 

1 1000 

86 

CiHjOCH CHCOCHiCHj 

+ + 

1 2000 

114 


TABLE vrr 


A Cyclohexadiones 


R,CH 

/ 

R,CH 


CH. 





R. 




C.H* 

H 

1 

1 1000 

118 

C.H5 

CN 

— ' 

1 1000 

124 

CeHs 

COjH 

— 

1 1000 

103 

4-CH,0 C,H4 

H 

1 

— 

1 1000 

126 

1 


B a-Ketonic acids 


QHsCH CHCOCOOH 

_ 

1 1000 

96 

4-CH,0C.H4CH CHCOCOOH 

— 

1 1000 

125 

CtHsCH CHCH CHCOCOOH 

— 

1 1000 

116 

C 4 H 3 OCH CHCOCOOH 

— 

1 1000 

87 


was done with denvatives of amsylacetone, 
4-methoxybenzylidene acetone, 4-ethoxybenzyh- 
dene acetone, 4-chlorobenzybdene acetone, and 
furfurybdene acetone The results are shown in 
Table VI There is a shght but probably signifi- 
cant increase of activity with the addition of one 
— CHj — unit, followed by a decline when a second 
such group IS introduced 
Since cychzation of the side-chain of physio- 
logically active substances sometimes leads to 
important mcreases m their potency, and we had 
so far failed to obtain activities greater than about 
4- at 1 5,000, a senes of cychc diketones was 
tested these may, for our purposes, be regarded 
as denved from cinnamyhdene acetone (120) 
These diones proved to be completely mert and 
so too did a senes of a-keto-acids corresponding 
to some of the parent ketones (Table VH) 


The first halogenated products tested seemed to 
offer a prospect of greater activities, but no further 
increases could be obtamed by the further mtro- 
duction of alkyloxy radicals (Table VUI) The 
influence of phenolic (OH) groupmgs was next 
studied Numerous phenols are known to possess 
important anthehnmthic properties and some of 
these, notably thymol, /3-naphthol, and hexyl- 
resorcmol have found extensive employment m 
climcal medicine and vetennary science The first 
attempts in this direction were somewhat dis- 
couragmg, for the mtroduction of (OH) at position 
4 in acetophenone, and at position 2 m benzyhdene 
acetone, completely destroyed such activity as was 
formerly present (Table IX) Further work, how- 
ever, brought to light some mterestmg phenomena 
Whereas the mtroduction of (OH) at position 4 m 
acetophenone resulted in inactivation, substitution 
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'TABLE VUI 






C.H5CO CHa 

+ + 

1 1000 

105 

C.HbCO CHtBr 


1 2000\ 

1 5000/ 

171 

4-CH,0 OiMtCO CH, ! 

-f 4- 

1 1000 

95 

4-CH,0 CjHiCO CHjCI 

_j_ 

1 1000 

181 

CtHaCH CHCOCH, 

++ 

1 1000 

92 

4-CI C,HtCH CH CO CH, 

+++ 

1 2000 

101 


TABLE DC 


C,H,CO CH, 

+ + 

1 1000 

105 

4-HO QHiCO CH, 

— 

1 1000 

94 

2-HO QHiCO CH, 

+ + 

1 2000 

213 

2 4-(HO),C,H,CO CH, 


1 2000 

127 

2-C,H,0 C,H4C0 CH, 

/ + + + 

1 (+) 

1 10001 

1 2000 / 

228 

4-C,H,0 C.HiCO CH, 

+ + 

1 1000 

93 

2 4-(C,H.O), C,H,CO CH, 


1 2000 

218 

^■^.ho^c.h,coch. 

- 

cal 2000 

217 

4-QH,§>^H,C0CH, 

/ + + + 

1 (+) 

1 1000\ 

I 2000/ j 

215 

C,H,CH CHCOCH, 

+ + 

1 1000 

92 

2-H0C,H4CH CHCOCH, 


1 1000 

119 

2-CH,0C,H4CH CHCOCH, 

(+) 

1 2000 

98 

2-C,H50 QH^CH CHCOCH, 

“f 

1 2000 

97 


at position 2 approximately doubled the activity, 
■while simultaneous hydroxylation at positions 4 
and 2 yielded an inert product But the introduc- 
tion of (OH) at position 2 in 4-ethoxyacetophenone 
had little influence, nor was there much change 
when, instead of (OH), a second ethoxy radical 
was placed in position 2 Further evidence of 
the mactivating influence of the 4-hydroxy group 
was obtained with 2-ethoxy-4-hydroxyaceto- 
phenone (277) Thus a phenolic (OH) abohshes 
the activity of acetophenone when placed in the 
4-position but tends to mcrease it when placed 
in position 2, unless the latent potentialities of the 
substance have already been evoked by the substi- 


tution of an alkyloxy radical m position 4, when 
the effects of the two substituents are not additive 
Essentially the same phenomena were observed in 
a senes of hydroxylated derivatives of halogenated 
acetophenones (Table X) Benzyhdene acetone, 
unlike acetophenone, is inactivated by hydroxyla- 
tion at position 2 

Thus no combmation of the potentiating radicals 
used in these experiments raised the activity of 
the compounds beyond a value of about + at 
1 5,000 When, by the introduction of one 
potentiating grouping a relatively high order of 
potency had been developed, the addition of a 


TABLE X 


QHoCO CH, 
QHsCO CHjBr 

4-HO C,H4C0 CH.Ci 
2-HO C,HtCX) CH.Ci 

2 4-(H0),C.H3C0 CH,a 

3 4-(HO).C.H,CO CHjCI 


4 -CH 3 O C.H^CO CH.a 
cH,a 


+ + 

1 1000 

105 

/ + + + 

1 20001 

171 

1 + 

1 5000/ 


1 1000 

183 


1 5000 

200 

4“ 

1 1000 

no 


1 1000 

168 

/++ 

1 10001 

181 

\ + 

1 2000/ 

4" 

1 2000 

203 
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TABLE XI 


2 4-(HO).C,H,CO CH, 

! 



1 2000 

127 

2 4-(H0).C«H3CX) CHjCHj 

+ 

1 2000 

+ + 

1 1000 

229 

2 4-(H0)2QH3C0 CH.CH 2 CH 3 

+ 


++ + 

1 1000 

230 

2 4-(H0).C6H,C0 CH5CH,CH,CH3 i 

-b + + 1 


(+) 

1 5000 

237 

2 4-(H0)2C«H3C0 CH.CH.CH.CH.CH, 

(+) 

1 10,000 

+ + 

1 5000 

240 

2 4-(HO)iC,H,CO CHjCH.CHjCH.CH.CHa 


1 10,000 

+ 

1 5000 

1 

242 

2 4-(HO)jC6H,Cir.CH*CH, 



- 1 - 

1 2000 

259 

2 4-(HO)2C6HaCH,CH,CH-CH„CH.CH, 



+ 

1 10,000 

5 

2 4-(H0).C8H3CH,CH,CH,CH.CH.CH„CH3 



+ + 

1 10,000 

' 258 


TABLE xrr 


1 

C.H3CO QHs 1 

(+) 

1 1000 

220 

4 -HO QH4CO QHb ' 

-b + 

1 1000 

132 

4 -QH 60 QH4CO CeHs 

(+) 

1 2000 

133 

2 -HO QH4CO CaH* 

— 

1 1000 

219 

2 -Q.H 60 C.H4CO C,H8 


ca 1 1000 

227 


second potentiating radical was liable to diminish 
rather than increase it 

A senes of alkylated resorcmyl ketones was 
now examined Resorcmyl methyl ketone itself 
was inert, but it was thought that the introduction 
of longer alkyl radicals mto the side-chain might 
reveal some latent anthelminthic potency, much as 
the bacterial (Leonard, 1924) and the anthelminthic 
(Lamson, Brown, and Ward, 1935) potentiahties 
of resorcinol are augmented The results 
(Table XI) show that marked anthelminthic pro- 
perties appear m resorcmyl ethyl ketone (229), 
increase m intensity as the alkyl chain is 
lengthened, and reach a maximum m the valeryl 
ketone (240) Further lengthemng of the chain 
IS attended by diminishing activity These results 
run roughly parallel to those obtained by Lamson, 
Brown, and Ward (1935) for the alkyl resorcinols, 
but the ketones show appreciably less activity than 
the corresponding non-ketomc alkylresorcinols 
(Table XI) 

Finally, a group of substances derived from 
benzophenone and containing two aromatic rings 
was investigated The results (Table XII) contain 
little of interest beyond showing that the effects of 
hydroxylation at positions 2 and 4 are precisely 
opposite to those observed in the acetophenone 
series (Table EX) The effect of the ethoxy radical, 
as m benzylidene acetone, is greater in position 
4 than in 2 

The conclusions reached regarding the behaviour 
of these ketones may be summanzed as follows 
(i) The ketonic group of aliphatic-aromatic ketones 
carries potentialities for anthelminthic activity 
which approach nearly to those of thymol and 


/3-naphthol (ii) This latent potency can be evoked 
by substitution of alkyloxy or phenolic radicals, 
m the benzene ring, or by halogenation (iii) The 
influence of these potentiating radicals varies from 
one group of ketones to another and with the 
position of substitution Finally (iv), the effects of 
these potentiating radicals are not additive and 
may, in fact, be antagonistic in certain compounds 

2 Lactones 

Since Trendelenberg (1916) came to the con- 
clusion that the anthelminthic properties of 
santonin are due to its lactone ring, many new 
lactones have been prepared and tested, for 
example by Lautenschlager (1921), von Oettmgen 
(1929), Gluschke (1932), and Rosenmund and 
Schapiro (1934) Activity greater than that of 
santonin has been claimed for some of these 
products 

Lautenschlhger (1921) tested a senes of 
7 -lactones (y-butyro-lactpne, y-valerolactone, 
paraconic acid lactone and a number of sugar 
lactones and betaines) The simpler compounds 
had little action upon earthworm muscle, intact 
earthworms or the cardiac muscle of the frog, but 
great increases in activity with respect to these 
matenals were obtamed by the introduction of 
phenyl radicals Phenyl butyrolactone and phenyl 
paracomc acid lactone were about half as active 
as santonin upon earthworm preparations, while a 
third product, phthalide (a /?-benzbutyrolactone), 
was as active as santonin itself A considerable 
number of related compounds also showed a high 
order of activity 
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von Oettmgen (1929) tested butyrolactone, 
valerolactone, valerolactone carboxylic acid, iso- 
caprolactone, a- and ,8-angebca lactones and the 
ddactone of acetone di-acetic acid, all of which 
had a more or less depressant action upon isolated 
earthworm muscle This contrasts sharply with 
the powerful stimulant action of santomn upon 
the same tissue (Trendelenberg, 1916) von 
Oettmgen found that activity was greatly mcreased 
by the mtroduchon of methyl or carboxyl groups 
into the lactone nng or by the introduction of a 
double bond At concentrations of 0 04 M, 
^-angehca lactone, valerolactone carboxyhc acid 
and the dilactone were as active as santomn, 
though less so m more dilute solutions von 
Oettmgen and Garcia (1929) then showed that 
^-angelica lactone removed all the roundworms 
from 7 out of 10 mfested cats — one of the few 
published expenments m which lactones other than 
santomn have been tested m infested hosts 
Gluschke (1932) prepared a number of lactones 
and claimed that certam lactones denved from 
a-tetralone, and nearly related to santomn itself, 
equalled or surpassed the latter m activity — ^viz, 
syntonms a and b (I and 11) In these expenments 
agam the test object consisted of earthworm 
muscle 



Rosenmund and Schapiro (1934), followmg up 
the work of Lautenschlager (1921), prepared a 
series of substituted y-butyrolactones and tested 
their activity upon leech muscle and mtaet speci- 
mens of Ascaris They state that the o-cresol 
ether and amsole denvatives of -y-butyrolactone 
were from 3 to 4 times more active than santomn 
and that there was, moreover, a close parallel 
between the responses of leech muscle and of the 
intact roundworms Yet, as has been pomted out, 
santomn itself has httle or no evident action upon 
mtaet Ascans (von Schroeder, 1885 , Lamson et al 
1935, 1936) It IS accordm^y difficult to assess 
the validity of Rosenmund and Schapiro’s observa- 
tions and conclusions 

The vanety of lactones which might have been 
made and tested is so large that we felt it necessary 
to restrict the scope of our work to some extent 
We have however tested several groups of lactones 
in which a high order of activity was to be antici- 
pated from the results of our predecessors m this 
field, together with a number of miscellaneous 


lactones representmg a considerable variety ot ^ 
chemical types 

Q-Angehca lactone (231) and its amsal denvahve 
(234), the dilactone of acetone diacetic acid (238), 
and copper glycme (236), which has interesting 
structural resemblances to the dilactone, were 
tested at a concentration of I 1,000 Only 
a-angehca lactone showed any activity (+ at 
1 1,000) although, m view of the claims of von 
Oettmgen (1929) and Rosenmund and Schapiro 
(1934), the amsal compound if no other might have 
been expected to show a very high order of activity 
mdeed More nearly relat^ to santonm were the 
d- and l-desmotropos&ntomns (223, 224 , HI) and 
l-desnwtropo-^antonm (263) These com 
pounds are very msoluble and were tested m 
saturated solutions Had they possessed activity 
in any way -comparable with that of santonm it 
would, accordmg to our estunates of their solu- 
bihties, have been detectable m our experiments, 
but uniformly negative results were obtamed Of 


O-CO 

CH, /_ I 

CH CH3 


O-CO 


CH. / J 


CH 


CH> 


u 


Vix 

CHj 


HI 


rv 


particular mterest m relation to Gluschke’s (1932) 
claims was an observation that alantolactone 
(34 , IV), a substance even more closely alhed to 
santonm than are the syntonms, was totally mert 
when tested at 1 2,000 Accordmg to von 
Oettmgen (1929) the presence of a double bond 
augments the activity of the lactone nng so that 
a particularly high order of potency ought have 
been expected here 

A senes of denvatives of -y-butyrolactone was 
also exammed and here it was found that the 
activity of 7 -phenylbutyrolactone itself approaches 
that of santonm m fairly high concentrations 
But the two substances are m no way comparable 
at lower concentrations, phenylbutyrolactone 
giving dubious or shght activity at 1 10,000 
whereas santonm is still powerfully active at 
1 100,000 Alkyloxylation removed the activity 
Our results with this senes of compounds (Table 
Xni) are entirely at vanance with those of Rosen- 
mund and Schapiro (1934) 

In confirmation of an earher observation 
(Baldwin, 1943a) couraanne (V) was found to be 
active and umbeUiferone ( 7 -hydroxycoumarine) 
inert. 3-Hydroxycoumanne and 7 -ethoxycou- 
marme were also tested Chromone (VI), 2-cou- 
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TABLE XIII 


Phenylbutyrolactone 

+ + + 

1 5000 

260 

4-Ethoxyphenylbutyrolactone 

± 

1 1000 

262 

2-MethyI-4-ethoxyphenylbutyroIactone , 

db 

1 1000 

266 

3-Methyl-4-ethoxyphenyIbutyrolactone i 


saturated 

267 

2-Ethoxy-5-methylphenylbutyrolactone 

_ 

1 1000 

26415 

2-Naphthylbutyrolactone 


saturated 

268 


TABLE XIV 


Coumanne (V) 

+ 

1 1000 

74 

3-Hydroxycoumanne 

— 

1 2000 

21 f 

7-Hydroxycouman ne 

_ 1 

1 1000 

78 

7-Ethoxycoumanne 

(+) i 

1 2000 

210 

Chromone (VI) 

/ + + 

L (+) 

1 lOOO) 

1 2000 j 


245 

Ethyl chromone'2-carboxylate 

(+) 

1 1000 


257 

2-Coumaranone (VTI) 


1 lOOGI 

1 2000 j 


233 

3-Coumaranone (Vm) 


1 2000) 
1 5000 J 


186 

6-Hydroxy-3-couinaranone 


1 2000 


191 

6-Ethoxy-3-coumaranone 


I 1 2000 

190 


maranone (VII), and 3-coumaraaone (Vni) were 
also examined, together wth some of their deriva- 
tives, in view of their relation to phthahde (IX) 
which, according to Lautenschlager (1921), is as 
active as santonm The results obtained with this 
group of compounds are listed in Table XTV It 


,5 4 

A. 

<!x) 2 

O' 

1 




s 


AAch 

Vv 




\ 

CO 




VI 


vn 



A/ 


CO 


V\, 


CH. 
DC 


\ 

o 


IS noticeable first of all that in none of these fused- 
nng compounds does there appear any activity 
approaching that of santonin, or even comparable 
with that of phenylbutyrolactone (Table XIII) 
This would appear to mdicate that higher potencies 
are associated with separated than with fused rmgs, 
a phenomenon which, as we shall see, appears in 
other groups of compounds 
All four parent compounds (V-VHI) may be 
regarded as cyclized denvatives of o-phenols, and 


all possessed some activity This seems to con- 
firm the observation that hydroxylation of aceto- 
phenone m position 2 (Table DC) leads to marked 
increases of activity The most active member of 
the group, 3-coumaranone (VUI), may be re- 
garded as a cyclized form of 2-hydroxyaceto- 
phenone, with the activity of which (h- +' at 

1 2,000) Its own is comparable 6-Hydroxy- 
3-coumaranone, which may be compared with 

2 4-dihydroxyacetophenone (— at 1 2,000), was 
inert, but there was no return of activity when the 
hydroxyl group at position 6 was replaced by an 
ethoxy radical (cf 2-hydroxy-4-ethoxyaceto- 
phenone, 2IS) Hydroxylation of coumanne at 
position 7 similarly led to loss of activity, but m 
this case replacement of (OH) by an ethoxy 
radical was attended by the return of some degree 
of activity 

Three phenylated ketolactones denved from 
butyrolactone were also exammed and found to 
be mert, while clavatm, which is beheved to con- 
tam a lactone ring (Raistnck, 1943), and the 
azlactone of resorcmol aldehyde were also mert 
(Table XV) 

Taken as a whole these results show that con- 
siderable anthelmmthic activity is in some com- 
pounds associated with lactomc structure But 
the appearance of such properties among lactones 
is very sporadic mdeed, so much so that they may 
well be purely fortuitous and associated with other 
structural features Certainly there is no evidence 
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TABLE XV 


Ethyl 2-phenyl-4 5-diketotetrahydrofurane-3-carboxylate 


1 1000 

248 

2-Phenyl-3 -acetyl-4 5-diketotetrahydrofurane 

— 

1 1000 1 

255 

2-Phenyl-3-cmnamyl-4 5-diketotetrahydrofurane 

— 

saturated 

253 

Clavatm 


1 5000 

232 

Resorcinol aldehyde azlactone 

insoluble 

201 


to support the notion of a specific relationship 
between anthelminthic potency and lactonic struc- 
ture One outstanding pomt is the greater activity 
of compounds with separated as opposed to fused 
rmgs 

3 Phenols '■ 

Many phenols are known to possess anthel- 
mmthic activity, and the work of Lamson et al 
(1935, 1936) added many new ones to the hst 
Several phenols and phenohc derivatives have 
found wide clmical and veterinary employment, 
notably /S-naphthol, thymol, and hexylresorcinol, 
all of which gave positive results in our tests Our 
results with a number of phenohc derivatives of 
the ahphatic-aromatic ketones have already been 
descnbed (Tables DC-XII) 

Attempts were made to find new active deriva- 
tives of active phenols and a study was also made 
of several phenohc families that hitherto have not 
been systematically mvestigated A number of 
phenohc acetates, chloroacetates, methylsulphon- 
ates, benzenesulphonates, p-toluenesulphonates, 
cmnamates, and carbamates have been prepared 
and tested, but proved for the most part to be 
inert or msoluble, apart from the carbamates 
(Tables XVI, XVII) The carbamates showed 


TABLE XVI 


Phenyl chloracetate 


1 

2000,^ 

180 

Thymol 

1 

1 

5000 

7 

Th 3 Ttiyl chloracetate 

— 

1 

1000 

179 

Thymyl methylsulphonate 

— 

1 

1000 

243 

1 -Naphthol 

+ 

1 

5000 

182 

2-Naphthol 

+ 

1 

5000 

6 

2-Ethoxynaphthalene 

zt 

1 1 

1000 

1 204 

2-Naphthyl acetate 

: — 

1 

2000 

20B 

2-Naphthyl carbamate 

+ 

1 1 

5000 

221 

2-Naphthyl methylsulphonate 

in 

soluble 

247 

Ethyl salicylate 

(+) 

1 

1000 

206 

2-Ammophenol 


1 

1000 

165 

2-Ammothiophenol 

in 

1 

soluble 

166 


activity of the same order as the parent phenols 
and, m vie\V of their lesser toxicity, are likely to 
be of practical use 


Among the lactones previously exammed, 
greater activity had been found among those 
containmg independent than those containing 
fused nng systems It seemed desirable, there 
fore, to discover whether the same rule might 
also apply among phenols A number of phenyl- 
ated phenols were accordingly examined with a 
view to comparing their activity with that of the 
naphthols One member of this senes, 4-benzyl- 
phenyl carbamate, is already in use on a fairly 
large scale under a variety of proprietary names 
The results are listed m Table XVH where, as in 
Table XVI, the only useful denvatives were the 
carbamates Several interesting relationships 
appeared, however, especially with reference to the 
position of the phenolic (OH) group 

2-Hydroxydiphenyl {135) was highly active 
(-t- at 1 10,000) and the 4-compound msoluble, 
these effects resemble those observed with aceto 
phenone (Table DC) and contradict the results of 
Lamson et al (1935), who found the 4-compound 
strongly and the 2^envative only feebly active 
In the diphenylmethane series these effects were 
reversed, 4-hydroxybenzylphenol {128) being 
about 3 tunes as active as the 2-compound {130) , 
here our results are in agreement with those of 
Lamson et al (1935) In strong contrast to our 
observations among the ketones we found that, 
among phenylphenols and benzylphenols alike, the 
replacement of (OH) by an ethoxy radical, whether 
in the 2- or the 4-position, always abolished^ 
activity 

Compared with 1-naphthol (+ at 1 5,000), with 
its fused rings, 2-hydroxydiphenyl, with inde- 
pendent nngs gave a higher order of activity 
( -1- -I- at 1 5,000), thus falling into line with the 
results found among lactones Further general 
confirmation is to be found m the fact that among 
the phenylphenols and benzylphenols alike, the 
active hydroxy denvatives showed potencies higher 
than that of 1- and 2-naphthols The most potent 
substance discovered in this group was 2-hydroxy- 
diphenyl carbamate {136), and it is noteworthy 
that this compound was found more active than 
the parent phenol ^{135) 4— Benzylphenyl 

carbamate, a drug that has done good service 
in practice, is less active than the phenol from 


r 
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TABLE XVII 


A 

2-HO C6H4C<,H5 


1 

1 5000 \ 
10,000/ 

135 


2-C,H60 QH.CeHs 

— 


1 1000 

206 


2-CH3CO 0 QHiQHs 

— 


1 2000 

207 


2-HsN CO 0 CeH^CgHs 

{ w) 

1 

1 

1 0,000 \ 

20 000/ 

136 


2-CH3SOJO C,H4CeH6 


ca 

1 2000 

244 


2-C0H5SOJO CeH4C,H5 

insol 

uble 


214 


2-(4i-CH3 C,H4S03)0 C6H4Q,H5 

msol 

uble 


212 


2-CeHsCH CH CO 0 CeH4Q,H5 

insol 

uble 


188 


4-HO CgH4C.Hj 

msol 

uble 


134 


4-C,HsO q,H4C«Hs 

— 


1 2000 

209 


4 -CH,CO 0 CcH4C,H5 

insoluble 


205 


4 -H,N CO 0 CsH4CbH8 



1 5000 

222 

B 

2 -HO CoH4CHjC.H5 

1 + 


1 5000 

130 


2-C.H80 C«H4CHtC«H3 

— 


I 2000 

131 


4-HO,Q,H4 CH,QHb 

/ + + + 

I + + + 


1 2000\ 

1 5000/ 

128 


4 -QHbO CaH4CH2CeHB 

— 


1 2000 

129 


4-HiN CO 0 CaH4CH.C«HB 

+ + 


1 5000 

53 


4-CH3SO2O CeH4CH,QH8 



1 1000 

\ 246 

\ 


which It IS derived, and less active also than potency of phenols and their carbamates has been 
2-hydroxydiphenyl carbamate generally confirmed (ii) The position of the (OH) 

TTie results obtained with the carbamates sug- radical has different effects in different chemical 
gested an investigation of some unsaturated amides groups (iii) Phenols containing independent ring 
and substituted ureas, none of which however systems are more active than those m which the 
yielded results of any great interest or importance rmgs are condensed, and (iv) one compound with 
(Table XVIII) Tests on the tolyl compounds were considerable promise has been discovered — viz , 
hmited by the very sparing solubilities of these 2-hydroxydiphenyl carbamate 
substances 

The principal conclusion reached regarding the 4 Thiazoles 
phenols may be summarized as follows (i) The Recent work on the chemotherapy of bacterial 
already abundant” evidence for the anthelmmthic diseases has emphasized the importance of certam 


TABLE XVm 


QHbCH CHCONHj 


1 1000 

189 

CeHBCH CHCONHCH, 

_ 

1 2000 

195 

QHbCH CHCON(CH3)i 

— 

1 1000 

196 

C,HbCH CHCONHCHjCHj 


1 1000 

193 

QHjCH CH CO NICHbCHj), 

(+) 

1 1000 

194 

C.HbCH CH CO NH CH,CHiCH, 


1 2000 

192 

C,HbCH CH CO NH CH CHjCHjCH, 

(+) 

1 2000 

187 

CeHsNH CO NHj 

— 

1 1000 

761284 

QHbNH CS NHj 

— 

1 1000 

285 

2-CH3C,H4NH CO NHi 

— 

1 10,000 

282 

2-CH5CaH4NH CS NHj 

— 

1 10,000 

280 

a-CHjCjILNH CO NHi 

— 

1 1000 

283 

4-CH,C«H4NH CO NHj 

— 

1 10.000 

281 

4-CH3CeH4NH CS NHj 

— 

1 10,000 

279 

2-Naphthyl urea 

insol 

uble 

286 

2-Naphthvlthiourea 

msol 

uble 

287 
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TA.BLE XIX 


2-Anunothia2ole 
2-Ammo-4-methylthiazole 
2-Ammo-4-phenylthiazole 
2-Ammo-4-(2'-hydroxyphenyn-thiazole 
2-Ainino-4-(4'-hydroxyphenyl)-thiazole 
2-Ammo-4-(4'-methoxyphenyl)-thiazole 
2‘-Ammo-4-(2' 4'-dihydroxyphenyl)-tIuazole 
2-Ammo-4-(3' 4'-dihydroxyphenyl)-thiazole 

i^nzthiazole 

2-Phenylbenzthiazole 

2-(4'-Aminoben2enesulphonamido)-thiazo]e 

(sulphathiazole) 



- 1 1000 

198 

— 

I 1000 

175 

+ + 

1 2000 

172 

— 

1 2000 

199 

— 

I 1000 

185 

insol 

uble 

184 

— 

1 1000^ 

" 167 

— 

1 1000 

169 

+ + 

1 2000 

173 


1 2000 

177 


1 2000 

52 


ring compounds, notably thiazoles and pyndmes, 
as potential antibiotics It seemed worth while 
therefore to see whether derivatives of these com- 
pounds might hold out any promise of useful 
anthelminthic activity Among the thiazoles, 
2-ammothiazole provided a convenient starting 
point 

This compound was inactive, but appreciable 
activity appeared with the mtroduction of a phenyl 
radical to form 2-ammo-4-phenylthiazole (Table 
XIX) Hydroxylation of the benzene ring, whether 
at position 2 or 4 only served to mactivate the 
products, while alkyloxylation rendered them in- 
soluble Sulphathiazole was quite inactive 

Further tests were made with two benzth azoles, 
in which the component rmgs are fused Contrary 
to our expenence with lactones and phenols, rmg 
fusion m the present series had httle effect, while 
the mtroduction of a second phenyl radical at 
position 2 of the thiazole rmg yielded an mert 
product Little prospect of useful potency was 
found among these substances, therefore, and we 
went on to study a senes of pyndine denvatives 


5i Pyndmes 

Pyridine itself already showed an activity of the 
same order as that of thymol and i3-naphthol 
A number of substituted products (Table XX) 
-showed no greater activity, with the exception of 
2-aminopyridme A ketomc denvative, 1-methyl- 
2-pyndone, was inert Nikethamide, a synthetic 
derivahve of pyndme, was mactive, while areco 
line, the active pnnciple of the betel nut, proved 
to be relatively feeble With the introduction of 
a second rmg to form 4-benzylpyndme there was 
a sharp rise m activity , sulphapyndme, however, 
was mert 

In order to explore further the effects of a 
second rmg, a senes of dipyndyls was examined, 
and here was found the highest order of activity 
encountered m the course of the work (Table 
XXI) 2-2 -Dipyridyl showed activity comparable 
with that of santonm and was far more active 
than any other of the four dipyndyls prepared 
This high potency appears to be specifically 
associated with the 2-2 -Imkage, for there was a 
profound fall of potency when this was shifted 


TABLE XX 


Pyndme 

2-Methylpyndine 

2-Chloropyndme 
1 -Methyl-2-pyndone 

2-Aminopyndine 

4-Ben2yIpyndiiie 

2-{4'-Aminoben2enesulphonamido)-pyn(line 

(sulphapyndme) 

Arecoline (l-methyl-AMetrahydropyndme-S-carboxylic 

methyl ester) 

Nikethamide (pyndinc-3-carboxylic diethylamide) 


+ + + 

1 2000T 

+ 

1 5000/ 

+ + + 

1 20001 

(-b) 

I 5000/ 

-f + 

1 lOOOl 

± 

1 2000/ 


1 1000 

-f- + -b • 

1 2000- 

+ 

1 5000 


1 10 000 

+ + + 

I 5000 

+ 

1 10,000 


1 1000 

+ + 

I 1000 


1 1000 


143 

144 

142 

138 

139 

153 

59 


58 

57 
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TABLE XXr 



2-2'-Dipyndyl 

/ + + + 

1 + + 

1 

1 

50,000 \ 
100,000/ 

isr 


2-3'-Dipyridyl 

+ 


1 1000 

158 


3-4'-DipyndyI 

± 


1 1000 

152 


4-4'-DipyridyI 

± 


1 1000 

147 


2-Mcthyl-4-4'-dipyndyl 

— 


1 1000 

154 


4-PyrJdylpyndiniimi chlonde 

1 


1 1000 i 

151 


2-2'-2'-Tnpyndyl 


1 

1 

50,000 \ 
100,000/ 

145 


2-2'-2'-2"-TetrapyndyI 

insol 

ubie 

155 


to the 2-3'-position 2-2'-2"-Tnpyndyl was 
rather less active than the dipyridyl at the same 
concentrations, but the difference is probably 
attributable to its higher molecular weight The 
corresponding tetrapyridyl was insoluble 

Following up the clue afforded by 2-2'-dipyridyl 
a number of other compounds were prepared con- 
taimng pairs of nitrogen atoms linked to adjacent 
carbon atoms, but no activity was discovered here 
until we came to the phenanthrolmes (Table XXIl) 
Of these, 4 5-phenanthrohne showed activity 
equal to that of 2-2'-dipyridyl, the other two being 
feebly active or inert We are led, therefore, to 
the conclusion that a particularly high order of 
anthelminthic potency is associated, perhaps very 

specifically, with the bond system ^ , 


which IS common to the two most active com- 
pounds 

It seems possible that, by suitable chemical 
manipulation, 2-2'-dipyridyl and 4 5-phenan- 
throline might be made the basis of new and 
valuable anthelmmthics Harwood (1934) has 
pointed out that the most useful anthelminthic 
drugs for the treatment of mtestmal infestations 
have melting points below about 80 °C and are 
only sparmgly soluble (1 1,000 or less) in water 
Probably, therefore, these new substances them- 
selves are too soluble to be of much value in the 
removal of intestinal nematodes but, if their 
toxicity IS not excessive, they might conceivably 
prove useful in infestations of the blood and 
lymphatic systems without further modification 
Conceivably, it might be possible to produce 


TABLE XXII 


Ethylene diamine hydrate 



1 1000 

163 

1 2-Diaminoben2ene (o-phenylene diamine) 

— 

1 1000 

165 

2 5-Dimethylpyrazine 

— 

1 1000 

157 

2 5-Disodium pyrazme dicarboxylate 

Benznvrazme (qmnoxaline) 


1 1000 

1 1000 

1 

1 

150 

/ \ 

N N 

% 

CH-CH 

4 5-Phenanthroline CH=CH 

\N==/ 

1 5-Phenanthroline GH=CH 


148 

+ + 

1 100,000 

146 

1 8-Phenanthroline CH=CH'' 

+ 

1 1000 

156 


— 

1 1000 

149 
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sparingly soluble derivatives that would be of value 
in intestinal infestations 

6 Miscellaneous antibiotics 
In addition to the groups of substances already 
mentioned, a considerable number of miscel- 
laneous antibiotics were tested in the course of 
the experiments These included a number of 
well-known and important substances, but none 
proved to show any anthelminthic activity what- 
ever (Table XXIII) These negative results help 


TABLE XXIII 


Acetarsone 


1 500 

54 

Alepol 

— 

1 1000 

159 

Atebnn 


1 1000 

140 

Bayer 205 


1 2000 

71 

Clavatin 

— j 

1 5000 

232 

2 7-Diaminoacridine 

— 1 

1 2000 

67 

Hydaocarpiis oil 

— 

1 1000 

161 

Neosalvarsan 

— 

1 2000 

55 

Penicillin 

— 

480 O U / 
ml 

66 

Sulphaguanidme 

— 

1 1000 

160 

Sulphamethazine 


1 1000 

250 

Sulphanilamide 

— 

1 100 

51 

Sulphasuxidine 

— 

1 1000 

254 

Sulphathiazole 

— 

1 2000 

52 

Tartar emetic 

— 

1 1000 

164 

Tyrothncin 


ca 1 1000 

270 


to emphasize the necessity, already stressed in this 
paper, of choosing as test material a tissue pre- 
paration that properly represents the organism it 
IS desired to attack The biological activity of 
antibiotics seems in general to be specifically 
limited to particular orgatusms or groups of closely 
related organisms Among parasitic helmmths 
this same specificity is well known santomn, 
which acts upon nematodes, is devoid of activity 
upon tape-worms, for example, while pelletierme 
acts upon tape- but not upon round-worms and sO 
on At the same time, however, agents are avail- 
able that attack both types , these mclude 
numerous phenols, but these agents are bactericidal 
as well and are mdeed, members of the category 
of general protoplasmic poisons ” 

Summary 

1 This paper reports the results of tests carried 
out in vitro on over 200 chemical compounds for 
the detection of anthelminthic potency The 
technique employed has certain limitations which 
are enumerated and discussed in the text 

2 Significant activity is found among ahphatic- 
aromatic and aromatic-aromatic ketones, but in 
spite of numerous structural modifications and 


manipulations nothing approachmg the activity 
of santomn has been discovered m this group ^ 

3 Among lactones considerable activity was 
observed, but here agam the activity of santonin 
far exceeds that of any other lactone tested in these 
experiments These facts appear to support the 
suggestion that the eflBcacy of santomn is due m 
part to its ketomc and m part- to its lactonic 
structure, but that its outstandmg anthelminthic 
power IS due to the simultaneous presence of both 
and to the unique manner in which they are com- 
bined together, rather than to either alone 

4 Among the lactones, phenols, and pyndines 
tested it was observed that anthelrmnthic activity 
increased with the addition of a second (usually 
a benzene) ring to the parent molecule, and that 
activity was greater when the two rings were inde 
pendent than when they were fused In the group 
of thiazoles, however, there was little to choose 
between the two types of structure 

5 Although numerous derived phenols were 
examined, none was found to compare with the 
carbamates , some of- the latter were even iilore 
active than the parent phenols The value of 
phenolic carbamates, already well known, has been 
confirmed, and an unusually high order of potency 
has been demonstrated in 2-hydroxydiphenyl 
carbamate Several groups of derived phenolic 
ureas and amides were mert 

6 Among the thiazoles examined none showed 
much promise of useful potency, but among the 
pyndines an outstandmg order of activity was 
revealed in 4-benzylpyndine and, more especially, 
m 2-2'-dipyndyl and m 4 5-phenanthroline The 


=N 


N= 


linkage m the last two compounds and 


in the correspondmg tripyndyl possesses properties 
which, so far as the experiments have gone, seem 
to be unique and to offer considerable possi 
bilities as a new startmg point m the search for 
new and highly efficacious anthehnmthics 

7 No activity was discovered among an assort 
ment of microbial antibiotics In particular, there 
IS at present no reason to think that pemcilhn or 
the sulphonamides can yield new anthelnunthic 
agents of any practical value 

8 The results reported here are at variance with 
those of earlier investigators m almost every 
respect, especially m the lactone field This is 
attributed to the use by our predecessors of unsuit 
able methods of in vitro testmg The importance 
of using expenmental matenal of nematode origin 
as the basis of methods of this kind is strongly 
emphasized and its necessity is we believe, con 
firmed by the general outcome of this investigation 
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9 The possibility that some of the substances 
tested may act otherwise than on the neuro- 
muscular systems of the nematode has not been 
excluded 

The author wishes to record his deep and sincere 
thanks to Prof E Fnedmann, whose chemical skill 
and co-operation made this work possible his 
suggestions, cnticisms and encouragement went far 
to\vards aiding the completion of the experiments 
described here Thanks are due also to Miss L A 
Noms, Miss M Cotton, and Miss V Moyle, all of 
whom gave mvaluable assistance at vanous stages 
of the mvestigation To the Agncultural Research 
Council, who provided finanaal support for the work, 
and numerous friends who kindly presented samples 
of a vanety of drugs, thanks are also offered Fmally, 
grateful recogmtion is made of the unfaihng courtesy 
and kindness of the manager of the St Edmundsbury 
Co-operative Bacon Factory, who arranged the regu- 
lar supply of hving nematode matenal at all times of 
the year, often under very difficult conditions 
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THEIR ACTION, IN DFFFERENT TISSUES 
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The work of Dawes (1946) on qumidine substi- 
tutes brought out points of resemblance which 
these substances possess apart from their action 
in cardiac tissue Quimdine substitutes were found 
to include some local anaesthetics, some analgesic 
substances and some spasmolytic substances 
Dawes pointed out that the local anaesthetic pro- 
came possSsed as much as 80 per cent of the 
action of qumidme on the refractory penod of 
the isolated auricle, and that in addition it actedi 
like atrop^e m dimimshing the effect of acetyl-' 
cholme on the isolated intestme He also showed 
that procaine diminished the action of acetyl- 
chohne on the rate and force of the heart beat 
The analgesic pethidine was found to have 83 per 
cent of the action of qumidme on the auricles, 
while the spasmolytics papaverine, syntropan and 
trasentm-6H had 50, 130 and 63 per cent respec- 
tively of this action 

I have therefore taken a group of seven sub- 
stances, four of which are local anaesthetics 
procaine, cocaine, amethocame and nupercaine, the 
others being qumidme, trasentm-6H and atropine, 
and have compared them for their activity as local 
anaesthetics, fPr their actioa m modifying the 
stimulant action of acetylcholine (a) on the frog 
rectus and (b) on rabbit mtestme, for their action 
m modifying .the depression which acetylchohne 
produces m the rate and force of the heart beat, 
and finally for their power to modify the con- 
stnetor action of acetylcholme m the blood vessels 
bf the rabbit’s ear The purpose of the comparison 
was to see whether they all possessed the same 
action towards acetylcholme and how closely the 
relative potency of these substances m one respect 
resembled the relative potency m another 

Local anaesthetic potency 

The local anaesthetic potency of each substance 
has been tested, using the method described by 
Biilbrmg and Wajda (1945) of mtracutaneous 
injection m guinea-pigs 


The relative local anaesthetic potency of these 
substances (taking 1 as the value of procaine) is 
shown m Table I 

TABLE I 

LOCAL ANAESTHETIC ACTI\ ITT 


Substance 

Concentration producing 
the same effect 
g /lOO ml 

Potency 

Procame 

0 46'' 

1 0 

Cocaine 

0,062 

74 

Amethocaine 

0 000 

80 

Nupercame 

0 047 

10 0 

Qumidine 

0 30 

1 6 

Trasentin 6H 

0 46 

, 1 0 

Atropme 

0 92 

06 


There is nothmg surprising m the values obtained 
for cocaine, amethocame and nupercame Quini 
dme might' be expected, like quimne, to have a 
local anaesthetic action, but not be so strong as to 
exceed procame m potency, as it does It is 
surpnsmg that trasentin-6H is equal to procaine, 
and that atropme has as much as 50 per cent of 
the action of procame , both are stronger local 
anaesthetics than was expected 

A comparison of these substances in modifying the 
stimulant action of acetylcholme on the frog 
rectus 

The isolated frog rectus muscle was suspended 
m a bath contaimng 7 ml of frog-Ringer solution 
The fluid was replaced by Rmger soluhon con 
tammg 10 ’’ acetylcholme every 5 mm and the 
stimulant effect of this substance on the muscle 
was recorded for 90 sec , -after washing out with 
normal Rmger the muscle relaxed to its previous 
extent The response to this concentration of 
acetylcholme was observed at least three times at 
the begmning of each experiment and found to be 
the same Then, 90 sec before the next addition 
of acetylchohne, the fluid was changed to one 
contammg a solution of the substance to be tested 



ACETYLCHOLINE ANTAGONISTS 


109 


Its own effect upon the muscle was recorded for 
90 sec , the action of this substance in modifying 
the stimulant action of acetylcholine was then 
determined It was found that all seven com- 
pounds diminished the action of acetylcholine m 
a suitable concentration In Fig 1 (a) is shown 
the action of amethocaine added to the bath in a 


(a) 



Fig 1 — Frog’s rectus muscle prcparat on 

(a) A, stimulant effect of acetylcholine added to the 
bath m a concentration of 5 x 10 ® B, the effect 
when the acetylcholine added to the bath was in a 
concentration of 10’’ At the arrow, amethocaine 
m a concentration of 0 5 X 10 * was added to the 
bath The record shows that the acetylcholine effect 
was greatly diminished 

(b) A, stimulant effect of acetylcholine added to the 
bath in a concentration of 10’^ At the arrow 
trasent!n-6H was added jn a concentration of 10”’ 
The acetylcholine effect ^as increased 

concentration of 0 5 x lO "* The record shows 
that the acetylcholine effect was greatly diminished 
for more than 20 mm When atropine and 
trasentin-6H were studied, an additional effect was 
observed, namely, that in a low concentration 
both these substances increased the action of 
acetylcholine This is shown m Fig 1 (b) for 
trasentin-6H in a concentration of 10"'^ Depres- 
sion of the acetylcholme effect was obtained with 


trasentin-6H at 10~^ The corresponding figures 
for atropine were, for augmentation 10“® and for 
depression 6 6 x 10~® The results of comparing 
the different substances on the same preparation 
are given in Table II, which shows that the potency 
of the local anaesthetics on the rectus in relation 
to one another is in the same order as their local 
anaesthetic potency Qumidme and atropine are 
also of similar relative potency to procaine, but 
trasentin-6H is much more potent on the frog 
rectus than as a local anaesthetic 

A comparison of these substances in modifying the 
stimulant action of acetylcholine on the rabbit 
intestine 

The isolated rabbit’s duodenum suspended in 
oxygenated Ringer at 34°C was used The spon- 
taneous movements were recorded To the bath 
of 75 ml Ringer usuaUv 4-10 pg acetylcholine was 
added The effect was observed several times 
m the same piece of intestine When regular 
responses to the action of the same concentration 
of acetylcholine were obtained, the substance to be 
studied was added to the bath about 1 5 mm 
before the addition of acetylcholme , the action of 
the substance on the mtestme and its effect on 
the response to acetylcholme were recorded All 
seven substances dirmnished the stimulant action 
of acetylcholme on the rabbit mtestme , there was 
no evidence of any increase of the stimulant action 
of acetylcholme when different concentrations of 
these substances were used As shown m Table 11 
it was found that cocaine and amethocaine had 
the same activity as procaine , nupercame was 4 
times, qumidme 6 times, trasentm-6H 1,500 times 
and atropine 3,000 times as active as procaine 
Fig 2 shows a comparison of the mhibitory effect 
of qumidme and atropme on the response of the 
mtestme to acetylchohne 

A comparison of these substances in modifying the 
depression which acetylcholine produces in the 
rate and force of the heart beat 
The isolated rabbit auricles were suspended m 
oxygenated Rmger at 29 °C and the spontaneous 
beat was recorded Every 10 mm 0 4 ml of an 
acetylcholme solution, contammg 100 pg per ml , 
was added to the 75 ml Rmger , its depressing 
effect on the rate and force of the auricular beat 
was recorded After the effect had been obtained 
the fluid m the bath was changed to allow the 
auricles to recover It was found that while 
procame, ^midme, trasentm-6H and atropme 
diminished the depression produced by the acetyl- 
cholme (Fig 3a), cocaine had no effect (being 
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TABLE U 

RELATIVE POTENCY IN TERMS OF PROCAINE 


Inhibitory eflect on the action of the acetylcholine 


Substance 

Frog rectus 

Intestine 

Auncle 1 

Rabbit ear 


Concentration 

Potency 

i 

Concentration 

Potency 

Concentration 

Potency 

Dose 

Pg 

Potency 

Procaine 

10* 

1 0 

2 X 10 “ 

1 0 

5 X 10 “ 1 

1 0 

100 ! 

I 0 

Cocaine 

3 3 X 10 = 

30 

2 X 10 “ 

1 0 

5 X 10 “ 

1 X 10-* 

ml 

40 

25 

Amethocame 

1 1 X 10“ 

90 

2 X 10 “ 

1 0 

5 X 10-“ 

opposite 

effect 

100 

1 0 

Nupercaine | 

9 X 10-« 

11 0 

5 X 10 ‘ 

40 

5 X 10 “ 

opposite 

effect 

100 

1 0 

Qumidine 

5 X 10 “ 

20 

3 3 X 10 * 

60 

5 X 10 ‘ 

0 1 

400 

04 

Trasentm-6H 

10“ 

10 0 

1 33 X 10 * ' 

1,500 0 

1 25 X 10 » 

400 

10 

10 0 

Atropine 

6 6 X 10“ 

15 

1 

67 X 10 “ j 

3,000 0 

1 25 X 10 “ 

400 0 

2 

50 0 


tested m amounts from 0 5 mg to 8 mg in the 
bath of 75 ml ) Nupercaine and amethocame 
(0 5 mg each) actually increased the action of 
acetylcholme (Fig 3b) , smaller amounts (from 
20 to 200 fig ) had no effect and larger amounts 
(2 mg) arrested the spontaneous beatmg of the 
auricles To obtain the same effect with quini- 



FiG 2 —Isolated rabbit s duodenum The record shows 
a comparison of the inhibitory effect of quinidtne 
and atropine on the response of the intestine to 
acetylcholine At the small arrows 10 fig acetyl- 
choline was added to the bath The bath was washed 
out at each interruption of the record At the first 
large arrow, 0 5 mg qiunidme sulphate ivas added 
to the bath, at the second, 0 25 mg quinidine 
sulphate At the third 0 5 /ig atropme sulphate and 
at the fourth 1 0 /ig atropine sulphate 

dine as with procaine it was necessary to use a 
quinidine solution 10 times stronger, while the 
same effect was obtamed with a trasentin-6H 
solution 40 times weaker, and with an atropme 
solution 400 times weaker, than procaine These 
results are shown in Table II 


The effect of these substances on the constrictor 
action of acetylcholine in the blood vessels 
of the rabbits ear 

The carotid arteries of a rabbit under urethane 
anaesthesia-, were dissected and all their side 


(«) 



0 8 


Fig 3 — Isolated rabbit’s auncles 

(a) Shows that the depression produced by 40 pfi 

acetylcholine (added to the bath at the small arrow; 
IS greatly diminished after the addition of 10 pg 
trasentin-6H The bath was washed out 0 5 mm 
after each addition of acetylcholine , 

(b) When 0 8 mg amethocame was added to the batn 
the depression produced by the acetylcholine was 
mcrea:^ 
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branches except the postenor auricular artery tied 
and severed as in the method of Gaddum and 
Kwiatkowski (1938) The jugular veins were then 
exposed and the anterior facial and postenor man- 
dibular branches tied, leaving only the branch 
\\ hich drains the ear Cannulae were inserted into 
both carotid arteries, the jugular vems were tied 
and incisions made m the vejns proximal to these 
ligatures The perfusion was then started The 
animal was killed and the body detached from the 
head Glass cannulae were introduced into the 
jugular veins The outflow was determined by the 
Gaddum drop timer The injections were made 
through a rubber cap covermg the T-tube con- 
nected with the cannulae leading to the carotid 
artery The volume of the injections was 0 2 ml 
The constnctor effect of 100-200 fig acetylcholine 
on the vessels was recorded on a smoked drum 
It was found that these substances abolished the 
constnctor effect of acetylcholine As shown m 
Table n, procame, amethocaine and nupercaine 
had the same activity , qumidine was weaker , 
cocaine, trasentin-6H and atropine were stronger 
than procaine These compansons were made in 
SIX different preparations Fig 4 shows an example 
of this mhibitory effect when cocame (100 fig) 
was used 



Fig 4 — Rabbit’s ear perfusion Outflow recorded by 
Gaddum’s drop-tuner The record shows the con- 
stnctor effect of 200 acetylcholine on the vessels 
(mjected at each small arrow), the injection of 
100 (ig cocaine (at the longer arrow) abolished the 
constnctor effect of the acetylcholine 

^ Discussion 

The suggestion which mitiated this work was 
that different agents, local anaesthetics, spasmo- 
lytics and quinidme all act fundamentally as 
antagomsts, direct or indirect, of acetylcholine It 
may be wondered why a local anaesthetic should 
be thought to have this effect Harvey, Lihenthal, 
and Talbot fl941), however, record that when 
acetylcholine is injected mtra-artenally it causes 
very severe pain, and Gray (1947) has shown that 
the injection of acetylcholine mto an artery leading 
to a detached portion of the skin of the cat sets 


up an electrical disturbance in the nerve leaving 
the skm very similar to that produced by mecham- 
cal pressure on the skin Further mvestigation 
may therefore mdicate that a local anaesthetic is 
essentially a substance which opposes the action 
of acetylcholme at sensory nerve endings No 
view IS put forward concerning the mechamsm of 
the antagomsm , we do not know how, for 
example, procaine diminishes the stimulant atftion 
of acetylchohne on the frog rectus , it may be 
that procaine blocks the receptors to which acetyl- 
chohne must attach itself to produce stimulation , 
there are many other possibilities of which we are 
Ignorant, and even the conception that the recep- 
tors are blocked is little more than a restatement 
of the observation made 

On the whole the mvestigation has shown that 
the different substances exammed do possess an 
antagonistic action on all tissues affected by acetyl- 
cholme, whether skeletal muscle like the frog 
rectus, cardiac muscle hke the rabbit auncle, or 
unstriated muscle like that of the intestine or of 
the blood vessels This, however, does not m itself 
support the hypothesis mentioned above that local 
anaesthetics, spasmolytics and quimdine all act 
fundamentally as antagomsts of acetylcholme, since 
it IS probable that aU these substances, in some 
concentration, would also antagonize histamine 
Histamine as, however, not known to cause pain 
on mtra-artenal injection, or contraction of 
skeletal muscle, or to have an action comparable 
with that of acetylcholme on cardiac muscle 
Hence some significance can be attached to the 
antagomsm of acetylcholme, though there would 
be much more m a demonstration that the relative 
potency of these substances in reducing the effect 
of a natural stimulus was the same as the relative 
potency in reducing the effect of acetylcholme m 
that tissue 

In different tissues the relative potencies of these 
substances are very different except that there is a 
similarity between local anaesthetic action and 
acetylcholme antagomsm on the frog rectus 
Atropine is 3,000 times more potent than procaine 
£/^n the intestine, but only 50 times on the blood 
vessels It is scarcely surpnsing that these quanti- 
tative differences are so great, for they explain 
the ordinary view that local anaesthetics, spasmo- 
lytics and quimdme-like compounds are unrelated 
in action, and have no common properties If 
the relative potency of the different substances had 
been even approximately the same on the tissues 
examined this would have been discovered long 
ago The difference, however, does not disprove 
the hypothesis It is known already that atropine 
and mcotme vary m their relative anti-acetyl- 
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choline action m skeletal and m plain muscle 

It IS difficult to understand the behaviour of 
amethocame and aupercaiae on the rabbit auricle 
In all the concentrations tested they mcreased 
the action of acetylcholme and did not depress it , 
cocame, moreover, was without action, neither 
depressing nor augmentmg Nupercame and 
cocaine are known to modify the action of the 
isolated heart of the cat, and also to augment the 
action of adrenalme on the isolated heart (Tripod, 
1940), whereas procame has no such effect It 
IS possible that the action of cocaine, amethocame, 
and nupercame in relation to acetylcholme is 
masked by another effect , the behaviour of these 
three substances on the auricle may not therefore 
disprove the rule 

Summary 

1 An exarmnation has been made of the local 
anaesthetics procame, cocame, amethocame, and 
nupercame, the spasmolytics trasentm-6H and 
atropine, and of qumidine 

2 These substances have been compared for 
then- local anaesthetic action, and for their power 
to depress the action of acetylcholme on skeletal 
muscle (frog rectus), cardiac muscle (rabbit 
auncle), and unstriated muscle (rabbit mtestme 
and blood vessels) 


3 The local anaesthetic action of atropine is as 
much as half that of procaine, while that of 
trasentm-dH is equivalent to that of procaine 

4 All these substances depress the achon of 
acetylcholme on the frog rectus, the rabbit mtes 
tine and the rabbit blood vessels The relative 
potencies of the four local anaesthetics on the 
frog rectus are very similar to their relative local 
anaesthetic potencies 

5 Procaine, trasentin-6H, qumidine, and atro- 
pine depress the action of acetylcholine on the 
heart Cocame is without action, and ametho 
came and nupercame augment the act on of 
acetylcholme m this tissue 

I wish to thank Prof J H Bum for his guidance 
and supervision throughout this work 
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Eserme and prostigmine augment the contrac- 
tions of skeletal muscle produced by stimulation of 
the motor nerve This" observation is one which 
supports the view that acetylchohne plays a part m 
neuromuscular transmission as both substances are 
inhibitors of cholinesterase They are, m addition, 
powerful antagonists to curare on skeletal muscle 
The transmission m sympathetic gangha is also 
believed to be effected by acetylcholme, but in the 
perfused cervical ganglion it is difficult to observe 
any potentiation of the effects of preganghonic 
stimulation by eserme or prostigmine In con- 
centrations from 10'® to lO’'^ eserme causes 
a depression of gangliomc transmission, though 
Feldberg and Vartiamen (1934) found that a weak 
eserme solution (10“®) could be shown to 
potentiate the response to submaximal and m- 
frequent stimulation as well as that to injection of 
small doses of acetylcholme 
We have now used another method to examine 
the action of esenne on the ganglion, which is to 
see if the depression of ganglionic transmission by 
tubocurarme is relieved by eserme 

Method 

Cats were anaesthetized with pentobarbitone and 
the superior cervical ganglion was prepared by 
Kibjakow’s method (1933) as modified by Feldberg 
and Gaddum (1934) Warm, oxygenated Locke solu- 
tion was perfused through a cannula in the carotid 
artery at a pressure around 120 mm of mercury and 
the venous outflow from the ganghon was collected 
The preganglionic fibres were stimulated with maxi- 
mal stimuli at a rate of 8 per second for penods of 
15 sec at 3 mm mtervals In some experiments the 
stimulation was continuous so that the contraction of 
the nictitating membrane was recorded as an uninter- 
rupted plateau All contractions of the mctitatmg 
membrane were recorded with an isotonic lever 
Curare was given as </-tubocuranne chlonde Esenne 
and prostigmme were given as sulphate and methyl- 
sulphate respectively 

Results 

The effect of eserme was observed m five 
experiments After recordmg' at least three 


maximal contractions of the nictitating membrane, 
tubocurarme was perfused at a concentration of 
1-4 /ig /c c Gradually the contractions declined 
and if no antagonist was mjected the response 
became progressively smaller - When the contrac- 
tion was dunmished by 30-40 per cent the 
antagomst was mjected It was found that eserme 
m doses of 01-^4 /xg caused an increase of 
contracbons, while doses of 1-5 pg had no effect 
or possibly caused a further depression An 
illustration of the action of esenne on the 
curanzed ganglion is given m Fig 1 Two 
contractions of the nictitating membrane m 
response to maximal stimulation are shown m (a) 
After 21 mm perfusion with 4 pg tubocurarme 
chloride per c c , the contractions dimmished to 
about half the size (b) Now 0 2 /ig eserme was 
mjected 1 mm before each stimulation and (c) 
shows the contractions after the 9th and 10th dose 
of eserme The effect of tubocurarme was not 
entirely abolished but the contractions recovered 
to 86 per cent of their original size When the 
perfusion with tubocurarme was continued with- 
out addmg any further eserme, the contractions 
declmed once more to 57 per cent of their ongmal 
height (d) Finally, when Locke solution 
contammg no tubocurarme was perfused, the' 
contractions recovered once more to 86 per cent 
of their mitial size (e) From this experiment 
It (Tan be seen that the eserme effect is only 
mamtamed by repeated mjeebons of 0 2 /xg This 
was confirmed in other experiments The eserme 
was mjected regularly 1 mm before sbmulatmg 
the preganglionic nerve 

It has not been possible to demonstrate any 
anbeurarme action of prosbgmme on the perfused 
ganglion Repeated doses of 0 05 /xg , 0 4 pg , 
2 0 pg , and 20 pg were tried m four experiments, 
but the contractions of the nictitating membrane 
declmed progressively m spite of the addition of 
prostigmme 

The effect of tubocurarme given by single 
mjeebons of 5 /xg to 10 pg or by perfusion of a 
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Fig 1 — Ganglion perfusion The numbers above each section are the senal numbers of the 
contractions of the nictitating membrane 

(a) Two contractions in response to maximal stimulation 

(b) After 21 mm perfusion with 4 /tg tubocuranne chlonde per c c the contractions diminished 
to about 50 per cent 

(c) Shows the contractions after the 9th and 10th dose of 0 2 /tg esenne injected 1 mm before 
each stimulation , the effect of tubocuranne was not entirely abolished but the contractions 
recovered to 86 per cent of their ongmal size 

(d) The perfusion with tubocuranne was continued without adding any further esenne and the 
contractions dechned once more to 57 per cent of their original height 

(e) When Locke solution containing no tubocuranne was pierfused the contractions recovered once 
more to 86 per cent of their imtial size 


solution containmg 4 /ig per c c was also 
observed durmg a sustained contraction of the 
nictitating membrane produced by continuous pre- 
gangliomc stimulation When the tubocuranne had 
reduced the height of the plateau to about 50 per 
cent of its ongmal height, esenne or prostigmine 
was mjected , but neither eserme nor prostigmine 
had any antagonistic action under these conditions 

The effect of esenne methiodide was observed in 
one experiment After recordmg three maximal 
contractions of the mctitatmg membrane, tubo- 
curanne was perfused at a concentration of 2 fig 
per c c Gradually the contractions dechned and 
the responses became progressively smaller When 
the contraction was dimmished to 32 per cent, 
eserme methiodide was mjected 1 mm before 
each stimulation It was found that doses- of 
0 2 jig and 10 jig had no effect, while ,doses of 
5 0 jig caused an mcrease of contractions which 
recovered to 51 per cent of their ongmal size after 
the fourth dose of 5 0 /ig of eserme methiodide 
When the perfusion with tubocuranne -was con- 
tmued without addmg any further eserme 
methiodide the contractions declmed once more 
to 27 per cent of their ongmal height , after this 
injections of 25 jig of eserme methiodide 1 mm 
before stimulation had no effect Finally, 
when Locke solution containmg no curarme was 
perfused, the contractions recovered once more to 
67 per cent of their imtial size From this experi- 
ment it can be seen that the anticurare effect of 
esenne methiodide is only maintained by repeated 
injections of 5 0 ug 


Discussion 

According to Schweitzer, Stedman, and Wnght 
(1939) the difference between the action of esenne 
and prostigmme on the spmal reflexes is due to 
the difference in the chemical structure of the basic 
nitrogen radicle rather than to their difference in 
anticholmesterase activity They found that 
eserme caused an excitatory action of the spinal 
cord whereas prostigmme caused an inhibition 
Eserme methiodide, a quaternary derivative of 
eserme, also pfoduced an inhibition They 
explamed the difference between the effect of these 
substances by their different relative solubility in 
water and in lipoid It is well known that a 
quaternary ammonium salt such as prostigmine 
produces a cation which is soluble only m water 
On the other hand, the salt of a tertiary ammonium 
base, such as eserme, on hydrolytic dissociation 
produces a free base in addition to the cation, and 
this free base will be soluble in hpoid We found 
that eserme, if administered m small doses and by 
repeated injections, had anticuranne activity, 
while prostigmme had no such action By 
changing the tertiary ammonium salt, esenne, into 
the quaternary salt, esenne methiodide, its anti 
curarme activity became 25 times less than that 
of eserme itself Since the spinal reflex involves 
a synaptic transmission not very different from 
that occurrmg m the ganghonic synapse, it is 
possible to explain by this hypothesis the 
difference between esenne; esenne methiodide, 
and prostigmme which has been found m our 
expenments The fact that esenne when given m 
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large doses or when given during continuous 
electrical stimulation, no longer has anticurare 
action, does not contradict the foregoing assump- 
tion Under such conditions there is usually an 
excessive accumulation of acetylcholine, which, 
being a quaternary ammomum compound itself, 
is quite sufficient to cause depression of the 
ganglion cells 

The picture may, however, not be so simple 
Bulbrmg and Bum (1941) have found that eserine 
and prostigmme were equally depressant to the 
knee ]erk, and both increased the flexor reflex 
They believe that there is only a quantitative 
difference between the action of these two drugs 
on the reflexes, esenne being more potent than 
prostigmme 

SXJMMARY 

Eserine antagonizes the actiop of tubocurarine 
on transmission in the perfused superior cervical 
ganglion 

Eserine methiodide has an anticurare action 
on transmission in the perfused superior cervical 


ganglion , its relative potency to that of eserine is 
about 25 times weaker 

No such antagonistic effect could be observed 
with prostigmme 

We wish to thank Prof J H Bum and Dr E 
Bhlbring for their direction and encouragement The 
authors are most grateful to Dr H R Ing for pre- 
panng the eserine methiodide used m this investigation 

The work described above has been done by one of 
us (T C Chou) dunn^ the tenure of a scholarship 
from the Bntish Council, and by the other of us 
(F J de Elfo) dunng the tenure of a scholarship 
awarded by the Consejo Superior de Investigaciones 
Cientificas in Madrid 
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THE EFFECT OF ENVIRONMENTAL TEMPERATURE 
ON THE TOXICITY OF BAL ' 

BY 

F F MCDONALD* 

From the Chemical Defence Experimental Station, Porton, Wilts 
(Received July 21 1947) 


Peters, Stocken and Thompson (1945) have 
already descnbed the steps leadmg to the manu- 
facture of BAL (2 3-dimercaptopropanol) the 
specification for wluch requaed that BAL should 
pass a toxicity test before bemg used for therapeutic 
purposes 

Groups of rats used as standard controls in 
assaying samples of BAL have shown a wide varia- 
tion in response to mtramuscular injections of 
140 mg per kg of Oxford Standard BAL — the 
LD50 dose as found at Porton (Boyland and 
McDonald, 1943) Variations from 15 to 85 per 
cent mortahties occurred m different groups receiv- 
ing this dose m assays made over several months 
Such a wide difference in response was greater than 
would be expected by chance and some other 
external factor was suspected of contnbuting to 
the toxic effects of BAL 

The effects of toxic agents on rats are influenced 
by many factors (cp Hoick, 1942) among which 
the most notable is the room temperature at which 
the rats are kept dunng the expenment 

Temperature bemg the greatest variant to which 
Porton rats were subjected, experiments were con- 
ducted to see if this affected the mortahty of rats 
to a standard dose of BAL 

N 

Procedure 

Rats weighing bstweea 120-180 g were starved, but 
given water, for 24 hours prior to injection of BAL and 
kept in thermostatically controlled chambers at various 
tempieratures for the whole of the starvmg period and 
until 72 hours after injection Oxford Standard BAL 
was diluted with propylene glycol to give a concentration 
of 140 mg /c c Using a micrometer synnge 1 c c /kg 
was injected into the muscles of the thigh of each rat 
and the mortahty rate observed for 72 hours after 
injection Most of the deaths occurred within 24 hours 
and only an occasional rat died after that pieriod For 
approximately 20 minutes, the average tunc taken to 
weigh and inject a group, the rats were exposed to 
ordinary room temperature 


Results 

The results obtamed over the penod between 
August, 1944, and May, 1945, are given in Table 1 

TABLE I 


Date 

Temperature ° F 

Mortality rate 

Actual 

Per cent 

29/8/44 

39 

10/10 

100 

16/10/44 

39 

10/10 

100 

19/10/44 

42 

8/10 

80 

1/11/44 

43 

7/10 

70 

1/6/46 

45 

12/20 

60 

27/4/46 

49 

13/20 

65 

1/6/46 

60 

0/20 

45 

9/10/44 

64 

10/20 

60 

2/10/44 

66 

8/20 

40 

24/4/46 

65 

4/20 

20 

19/9/44 

60 

6/20 

25 

26/9/44 

60 

7/20 

36 

17/4/46 

60 

0/20 

46 

29/8/44 

66 

3/10 

30 

31/8/44 

66 

7/20 

35 

24/4/46 

69 

6/20 

25 

27/4/46 

70 

8/20 

40 

2/10/44 

71 

8/20 

40 

26/9/44 

76 

10/20 

50 

17/4/46 

76 

10/20 

60 

31/8/44 

80 

14/20 

70 

10/9/44 

80 

12/20 

" 60 

1/6/46 

80 

16/20 

76 

9/10/44 

81 

16/20 

80 

29/8/44 

84 

9/10 

90 

1/11/44 

84 

18/20 

90 


Fig 1 shows the same results plotted on probit scale 
with the best fitUng curve, a parabola, symmetncal about 
the temperature 63° F as calculated by Box (1945) This 
demonstrates quite a remarkable eftect of temperature 
on toxicity In view of the fact that variations from the 
curve are no more than could be expected to occur by 
chance, there is no evidence that seasonal variation 
occurred over the period that observations were made 
other than that due to temperature difference Fig 2 
shows the expected vanation of the LD50 for BAL a 
different temperatures, calculated from Box s BAL- 
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emperature-toxicUy formula — LD50 = 152 -0 07 

/ - 63)^ where / = temp m ° F (Box, 1945) 

Propylene Glycol 

When propylene glycol is used for diluting BAL 
prior to injection, care should be taken to ensure 


that It IS freshly distilled We found, when 
using an old sample of propylene glycol in 
error, that we obtamed much higher mortality 
rates than were expected in view of the 
previous results However, when the sample 
was redistilled, the mortality rates were m 
keeping with the previous findings These 
high results have therefore been discarded 
and our practice now is to distil off enough 
propylene glycol for an assay on the same 
day that the rats are injected 

Conclusions 

The mortality rate of rats injected with 
BAL has been shown to be influenced by the r 
temperature of their envuronment The 
mortality was minimal at 63° F (17 2° C) 
Rats used for BAL assay should be kept at 
an even temperature or m a thermostatically 
controlled room if possible No estimation of 
the relative toxicity of samples of BAL should 
be made without reference to the results obtained 
from a dose of a standard preparation given at the 
same time 

If propylene glycol is used as a vehicle for injec- 
tion, It IS preferable to distil off the required amount 
on the same day 

I am indebted to the Chief Scientist, Ministry of 
Supply, for permission to publish this paper, to Miss 
Cynthia Moore for technical assistance, and to Mr 
G E P Box for evolving a formula from data in 
Table f 
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THE TOXICOLOGY AND PHARMACOLOGY OF METHYL 
FLUOROACETATE (MFA) IN ANIMALS, WITH SOME 
NOTES ON EXPERIMENTAL THERAPY 

BY 

G L FOSS* 

From the Chemical Defence Experimental Station, Porton 
{Received July 23 1947) 


It has been known for about ten years that 
methyl fiuoroacetate (MFA), CH^F GOOCH,, 
was a substance of great toxicity, _with very 
mterestmg pharmacological properties In 1942, 
Briscoe, and Feldberg, Kilby, and Kilby found that 
It caused death by convulsions and respiratory 
failure Later in 1943, Kilby and Kilby studied 
it and allied substances further and concluded 
that the toxicity was due to the CH„F group 
In this paper further work is desenbed on its 
pharmacological and toxicological properties 

Material and Methods 

The sample of MFA employed had b p 104” C 
and sp gr 1 17 It was a clear, colourless liquid with 
a famt fruity smell , it mixed readily with water, and 
m dilutions which were toxic, it was tasteless and 
quite odourless 

Animals — In addition to mice, rats, guinea-pigs and 
rabbits, the larger animals, cats, dogs, monkeys and 
goats were used for this investigation , also a horse 
Toxicity — Expenments were conducted with each 
species and the drug was administered by mouth or 
by injecUon as freshly made solutions m distilled water 
or saline, or by inhalation For the latter the sub- 
stance was vaponzed rapidly by heat m a 10 cu m 
chamber Chemical analyses showed that there was 
little vanation in concentration After administration 
the animals were observed carefully and records were 
made of their behaviour over the whole penod until 
their death 

As this substance had a convulsive action the effects 
of other known convulsants were compared m the 
most favourable species, and for purposes of record 
and study a colour film was made of a dog and two 
monkeys after MFA, and also of monkeys after nico- 
tine, strj'chnine, and metrazol The effect of MFA 
on a spinal monkey v/as also filmed 

Autopsies were made on animals directly after 
death The effect of MFA on the blood chemistrj 
vas investigated in rabbits, dogs, and goats Blood 
samples were collected under paraffin, and serum and 
plasma were separated shortly after Samples of 
blood were taken into oxalate tubes for blood 


sugar, non-protein nitrogen, potassium, calcium, and 
inorganic phosphate 

Haemoglobin was estimated by the Haldane carbon 
monoxide method, plasma proteins and non-protem 
nitrogen by micro-Kjeldahl digestion and nesslensa 
tion (Wong , cf Peters and Van Slyke, 1932), 
potassium by the micro-cobaltinitnte method of 
Kramer and Tisdall (cf Peters and Van Slyke, 1932) 
calcium by the method of Kramer and Tisdall (c/ 
Hamson, 1930), sugar by Hagedom and Jensen's 
method (Peters and Van Slyke, 1932), ciilonde b) 
Sendroy’s method (1937), and inorganic phosphate by 
the rnethod of Obermer and Milton (1932) adapted for 
use with a “ Spekker ” absorptiometer 

Kymographic traemgs of carotid blood pressure and 
respiration were obtamed on cats anaesthetized wlh 
sodium barbitone, respiration being recorded bv 
Gaddum’s technique (1941), which measures the 
volume of air breathed in litres per minute 

Observations of the clmical effects of MFA were 
made on both spinal and decerebrated cats, and on 
a monkey, and kymographic records were obtamed of 
the knee-jerk in spinal, decerebrated and chloralosed 
cats by means of an electncally operated patellar 
hammer , in the spmal cat the acUon of MFA on 
the threshold stimulus of the fiexor reflex (tibialis 
anticus) was also investigated (Sherrington and Liddell, 
1929) 

A senes of rats were given electneal convulsions 
on two successive days, and the electrical convulsue 
threshold was again measured one hour after a sub 
cutaneous injection of MFA The apparatus usm 
for human electric convulsive therapy was employed 
(Golla Walter, and Hemming, 1940) 

Finally, vanous therapeutic measures were 
attempted, both before and after administration 
of MFA, and before and after onset of convulsions 
dogs were mostly used for these expenments 

Results 

Toxicity by injection by month, and byinhalaHon 
The approximate LD50 doses are summarized 
in Table I It is fully realized that the 
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for gumea-pig, cat, dog, goat, and monkey are 
based on evidence from an madequate number of 
animals and do not give an accurate assessment 
of the LD50 doses , the data, however, are sufR- 


TABLC I 

TOXICTT\ OF MFA 


■Vminal 

Dose 
rag /kg 

Oral 

Subcutaneous 

Mor- 

tality 

0/ 

/o 

Approx 
LD60 
mg /kg 

Mor- 

tality 

0/ 

/o 

A.pprox 
LD60 
mg /kg 

Mouse 

16 




9/10 

90 



10 




9/10 

• 90 



8 




10/10 

100 



7 

6/6 

100 






0 

2/5 

40 

6-7 

10/10 

noo 

6 


6 

0/6 

0 


6/10 

60 



4 




0/10 

0 



2 




0/10 

0 



1 




0/10 

0 


Rat 

6 



■ 

10/^ 

100 



6 

6/5 

100 


20/20 

100 



4 

6/5 

100 

3-4 

20/20 

100 



3 

1/6 

20 


10/10 

100 

2-3 


2 

0/6 

0 


2/10 

' 20 


Guinea- 

5 

1/1 

100 


1/1 

100 


pig 

3 

1/1 

100 






2 

1/1 

100 


1/1 

100 



1 

1/1 

100 


2/2 

100 



0 6 

0/1 

0 






0 6 



0 4 

1/1 

100 

0 2 


0 4 

1/1 

100 






0 25 




1/1 

100 



0 1 




0/2 

0 


Rabbit 

10 

2/2 

100 


2/2 

100 



6 

6/6 

100 


4/4 

100 



4 




2/2 

100 



2 

2/2 

100 

0 5 

6/6 

100 



1 

2/2 

100 


4/6 

80 

0 6-10 


0 6 

1/2 

60 


1/4 

26 



0 2 




0/1 

0 


Cat 

10 

1/1 

100 






1 

1/1 

100 


1 




0 1 



<0 3 

1/1 

100 

0 3 


0 3 

1/1 

100 


1 1'2 

60 


Doe 

1 0 

1/1 

100 






0 3 

3/3 

100 


6/6 

100 

0 10 2 


01 

1/3 

33 

0 1-0 2 

1/1 

100 



0 05 

0/1 

0 






0 02 

0/1 

0 





Goat 

3 0 

1/1 

100 


2/2 

too 



1 0 

1/1 

100 

<10 

, 2/2 

100 

<10 

Monkey 

12 

2/2 

100 


1 FI 

100 



10 

1/2 

60 


0/1 

0 



3 

0/1 

0 

o 

1 


10-12 


1 6 

0/2 

0 


t 




cient to indicate a marked species variation m 
toxicity without the more wholesale sacrifice of 
experimental animals which would have been 
involved in arrivmg at more accurate figures 


One horse was injected with 1 5 mg MFA /kg, 
which proved fatal 

The toxicity by inhalation was investigated 
more fully in the rat and the mouse than in other 
animals , the LD50 for rats was 450 mg /cu m 
for 5 min and for mice above 1,000 mg /cu m 
for 5 mm. , 332 rats and 280 rmce were used 

Skin absorption is of httle importance as no 
deaths occurred in a small senes of guinea-pigs 
with doses up to 100 mg /kg on the plucked skm 
of the abdomen 

Pharmacological effects 

There is some difference in detailed behaviour 
of the species exammed, after poisomng with 
MFA, just as there is a difference in lethal dose, 
but for the sake of brevity these will be described 
in groups 

(fl) Mice, rats, and guinea-pigs — After a lethal 
dose by injection there is a delay of about 15 
jnmutes to 2 hours before the onset of symptoms 
The animals then become quiet and limp and at 
the same tune rather apprehensive , a stage of 
hyper-excitability follows, when the animals may 
jump a foot or more or rush wildly around their 
cage m circles , tonic convulsions then occur with 
intervening periods of dyspnoea and flaccidity 
Repeated fits are usual and the animal may die 
either durmg a fit or in the flaccid interval 

(b) Rabbits — ^These show a similar period of 
delay, followed by progressive muscular weakness 
with gaspmg infrequent respiration Convulsions 
start suddenly and death soon occurs 

(c) Cats — After a lethal dose (1 mg /kg) there 
IS a period of about 100 minutes before the onset 
of symptoms, which are mitiated by retchmg and 
vomitmg, even after injection The paretic stage 
follows with acceleration of respiration, incontin- 
ence, inco-ordmation, and mability to move the 
limbs Eye movements are normal, pupils equal 
but large and they react briskly to light Pinna 
and conjunctival reflexes and knee jerks are 
bnsk and there is some knee clonus Convul- 
sions develop suddenly after about 150 minutes 
These tonic fits occur at intervals of about 5 
mmutes and finally death ensues m about 230 
mmutes The heart continues to beat feebly after 
respiration fails 

(rf) Dogs — The latent mterval is only about 30 
minutes after 0 3 mg /kg A quiet penod is 
followed by hyper-excitability with loud barkmg 
and wild, inco-ordmate, impulsive activity, 
associated with incontinence of unne and faeces 
Retchmg and vomiting may occur before this 
stage The excitable stage suddenly merges into 
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one of convulsions At first tonic and extensor, 
with dilated pupils and bnsk reflexes, later the 
fits are clonic, with champing of the jaws and 
inco-ordmate arrhythmic rurming movements of 
all four limbs After a bnef respite with heavy 
panting, the whole pattern is repeated at mtervals 
of 1-2 minutes until death occurs, once again 
from respiratory failure 

(e) Goats and horses — ^These ammals show a 
latent penod followed by weakness, collapse, 
tachypnoea, cold sweating in the horse, a marked 
fall in temperature, rapid pulse and death from 
respiratory failure In neither animal were con- 
vulsions seen 

(f) Monkeys — The monkeys {Macacus Rhesus) 
though less susceptible, are most mteresting After 
a latent interval of about one hour, with a dose 
of 10 mg /kg by mouth, they become qmeter, 
not taking much notice of their surroundings 
Retching and then vomitmg, even after injection 
of the poison, are usual In about an hour the 
pupils are dilated After 70 minutes one such 
animal was sitting up with paUid face, its head 
turned looking over the nght shoulder It 
defaecated incontinently and after a few mmutes 
Its head was rotated again to the side and there 
were coarse jerky tremors of the head These 
symptoms followed at intervals of a few mmutes 
and conjugate deviation of the eyes was seen in 
conjunction with the head rotation It appeared 
very dazed and suddenly fell over and started con- 
vulsions, which were tome at first and then clonic 
It looked strangely round and made no attempt 
to escape after this convulsion A similar seizure 
was seen m a few minutes, imtiated once again 
by head rotation and conjugate deviation Of the 
eyes to the right side An asymmetneal spread of 
the convulsion to the right side was followed by 
a generalized tonic fit, succeeded by clonic spasms 
Dunng the asymmetrical stage there was a one- 
sided risus sardomeus, slight head retraction, 
glabellar spasm and the knee jerks were accen- 
tuated This spasm of the frontalis muscle was a 
prominent symptom accompanying the upward 
and outward eye deviation The tonic stage 
usually lasted 30-40 sec and the dome 2-3 min 
and these were succeeded by a relaxed phase 
when the animal appeared seim-conscious and 
exhausted, even prostrate Repeated convulsions 
may progress to full unconsciousness and death, or 
there may be a cessation of fits followed by a 
slow recovery, the ammal finally sitting up in an 
mco-ordinate and dazed manner After some 
hours it will seem little the worse, having regained 
full activity and appetite Dunng the whole of 


this period monkeys are silent, but their expression 
conveys firstly an apparent headache, then fear, 
anxiety, and distress, and finally loss of apprecia- 
tion of their plight 

Comparison of MEA wilh other convulsant drugs 
A detailed comparison was made of the effects 
of MFA With those of nicotine, picrotoxin, 
strychmne, and leptazol in mtact cats, jnonkeys, 
and rats and it was quite clear that MFA resembles 
leptazol more closely in action than it does nicotine 
or strychnine, but its effects develop much later 
and last much longer Electncally induced con- 
vulsions in the rat were identical in appearance 
with the MFA tome fit ' \ 

Cumulative action 

MFA IS apparently not entirely excreted or 
detoxicated within 24 hours, and if doses below 
the convulsant threshold are given daily to dogs 
some cumulative effect is seen 
Dog 28, wt 5 9 kg , was given 0 025 mg /kg (1/4 of 
the lethal dose) by mouth for five days It was com 
pletely unaffected until after the fifth dose, when con 
vulsions started and death ensued 
Administration of bigger sub-convulsant doses, how 
ever, can continue with impunity on alternate dajs or 
less frequently, and either the animal is unaffected or 
death occurs if the dose is raised to the lethal This 
again suggests that there is little tolerance to repeated 
and increasing doses 

Dog ,33, wt 9 1 kg , was given 0 025 mg /kg every 
third day by mouth m 30 days without any symptoms 
at all 

Dog 63, wt 12 kg , was dosed as shown in Table II 
and death occurred after the usual lethal dose of 
0 1 mg /kg had been reached 


TABLE II 


Date 

Dose, mg /kg 

Dose, mg 

22 June 

0 06 

0 6 

24 „ 

0 06 

06 

26 „ 

0 06 

0 6 

28 „ 

0 06 

0 6 

30 „ 

0 08 

1 0 

2 July 

0 08 

1 0 

6 , 

0 10 

1 2 

Total 

0 46 

6 6 


Post-mortem appearances 
In the ammals dying after a long series of 
severe convulsions, signs of asphyxia were found 
Often the animal died m the position of a tonic 
extensor fit with rigid limbs and tail, bulging 
livid eyes and cyanosed tongue The blood was 
thick and dark in colour and the veins and t e 
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TABLE III 


Time 

Condition 

H 

g /100 ml 

mg/lOOml plasma 

Plasma 

protein 

Non- 
protem N 

1 

K 

Ca 1 

Cl 

Inorg 

PO 4 

Before 

anaesthetized 

645 

60 

25 

18 7 


387 

36 

90' 

preconvulsive 

89 0 

68 

25 

22 6 


406 

2 45 

125' 

after convulsions 

103 0 

69 

30 

47 8 

Hi 

414 

640 


right side of the heart were distended The 
ventricles were usually contracted All the organs 
were congested and dark, especially the liver, but 
the spleen was small, dark, and contracted The 
lungs were bluish, showing congestion, areas of 
collapse, and emphysema, and the bronchi often 
contained frothy fluid, but there was no oedema 
Sometimes petechial haemorrhages were seen m 
pleura and endocardium The brain and meninges 
were usually congested Goats did not show con- 
vulsions and there was little to fiud except 
congestion The kidneys and other organs did not 
reveal anything of mtetest 

Effect on the blood chemistry 

Blood sugar — ^It was suggested that MFA might 
cause hypoglycaemic convulsions, but investiga- 
tion of two rabbits and a dog after large doses, 
many times lethal, revealed if anything a rise m 
blood sugar, as one might expect m a condition 
associated with convulsions and hypoxia 

Table lEt shows the effect of MFA (2 mg /kg ) 
by subcutaneous injection m a dog under light 
nembutal anaSthesia 

It was thought that the considerable rise in 
serum potassium might be due to the convulsions 
and asphyxia, and so similar mvestigations were 
made on two goats without an anaesthetic 
(Table IV) 


The nse m non-protein nitrogen and serum 
potassium was significant in each experiment, but 
only as a termmal event In the dog the greater 
rise was probably due to the severe muscular con- 
vulsions Calcium showed a shght fall in the 
goats, but this was not sufficient to cause tetany 
1 he considerable haemoconcentration noted m all 
animals was not accompanied by an alteration m 
plasma proteins, and it might be explained by an 
outpouring of erythrocytes from the spleen, 
which at autopsy was always empty Again, in the 
goats there was a considerable rise in inorganic 
phosphate 

Effect of MFA on decerebrated and spinal animals 

Decerebrated cats after 5 mg /kg I V — Extensor 
ngidity was enhanced , the forehmbs were hypei;- 
extended and the head retracted Respiration was 
stimulated m rate and depth Convulsions began 
within 25 min of mjection, continuing at intervals 
Swallowing movements were seen after 25 mm , 
followed later by retching Respiration began to 
fail, but by applymg artificial respiration the heart 
was kept beating for several minutes 

Spinal cats after 4 mg /kg I V — After 60 min 
all reflexes were more bnsk and the knee jerk was 
followed by irradiation of stimulus until finally con- 
vulsions started Pinching of the foot-pad stimulated 
a mass reflex and then convulsions, and these con- 
tinued, clonic and occasionally tonic, intermittently 


TABLE IV 





g /lOO ml 

- 

mg/lOOml plasma 


Time 

Condition 


Plasma 

protein 



Ca 

Cl 

Inorg 

PO4 

GOAT 506 
Before 

normal 1 

1 

1 56 5 

68 

27 

172 

9 9 

309 

3 72 

40' 

collapsed and dyspnoeic 

66 0 

6 I 

31 

19 1 

94 

338 

6 75 

110 ' 

distressed and tachypnoeid 68 0 

64 

31 

18 8 

9 I 

328 

7 65 

160' 

moribund 

72 3 

65 

36 

256 

90 

328 

8 75 

GOAT 507 
Before 

normal 

66 0 

68 

35 

14 1 

98 

364 

4 80 

40' 

collapsed and dyspnoeic 

77 5 

62 

35 

173 

9 1 

356 

6 55 

110 ' 

moribund 

82 0 

65 

i 

39 

[ 

22 0 

1 

86 

1 

366 

8 30 
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until the heart stopped three hours after injection 
In another cat given 2 mg /kg , spontaneous move- 
ments of the forelimbs and twitchmg of the dartos 
muscle and pemle retraction were seen 

Spinal monkey — ^After an initial phase of spmal 
shock lashng hours, MFA was given, and dunng 
the course of 4-i: hours a total dose of 100 mg /kg 
(10 times the normal mtact lethal dose) was injected 
Irradiation of excitor stimuh was more pronounced 
Chest stimulation by ticklmg evoked movements of 
the limbs and trunk, and gentle upward pressure in 
the lumbar region with two fingers caused active con- 
traction of abdominal muscles to take the weight of 
the lower half of the body The tail twitched con- 
tinuously Later there were spontaneous twitching 
movements of the rear toes, but no actual convulsions 
occurred m this preparation as in the spinal cat 

Blood pressure and respiration of anaesthetized cats 

Doses of MFA lethal in 18 hours, i e , 0 3 rag /kg , 
had no effect on the B P or respiration, but when the 
dose was mcreased to 2 9 mg /kg , there was a small 
but gradual nse in pressure Respiration was stimu- 
lated and the volume in litres per nunute increased, 
but after a total dose of 9 mg. /kg it became gasping 
in type, gettmg slower and more spasmodic 

Comparison was also made with acetylcholine 
(Fig I) before and after atropine (both muscanne 


respiration ceased , the heart continued beating for 
about 5 min more, while the blood pressure fell 
rapidly ■- 

Knee jerk 

Chloralosed cat (Fig 2) — There was mcreased 
extensor tone and the jerk was bnsker and the lever 
did not return to its onginal base Ime Later the 
reflexes diminished for a while and the animal started 
generalized convulsions and respiration failed 

Decerebrated cat (Fig 3) — ^Patellar stimuli evoked 
irradiation of refiex responses, but the knee jerk was 
not apparently increased Extensor rigidity ivas 
accentuated Convulsions started and respiration 
failed 

Spinal cat — ^The knee jerk suddenly mcreased for 
three or four patellar stimuli, and then further records 
were impossible as generalized convulsions supervened 

Effect on ffexor reflex of the spinal cat (Tibialis 
anhcus contraction via reflex arc of pophteal and 
peroneal nerves) (Fig 4) — After injection of 2 mg / 
kg MFA, the threshold shock was found at regular 
intervals The results are plotted graphically (the 
distance in cm of the coil against the tunc in minutes) 
and show that there is a progressive reduction m 
threshold, until finally with the coil moved away to 
33 cm (normal 24 cm ) the tibialis anticus goes into 
myoclonus Further records were impossible as the 



Fig 1 — Companson of acetvlcholme and MFA on B P and respiration At A, 0 1 mg Ach 
at B, 5 mg Ach, between A and B, 10 mg atropine sulphate, at C, 10 mg MFA, and 
at D 100 mg MFA. 


and nicotine effects) After atropine 5 mg /kg MFA 
had no immediate effect on either BJP or respiration, 
but a very large dose (50 mg /kg) produced an 
immediate stimulation of respiration and a nse in 
B P similar to that produced by a large dose of 
acetylcholine The anim al soon began to vomit and 


preparation developed generalized tonic and clonic 
convulsions 

Effect on electric convulsive threshold in rats 

By varying the voltage or time in I/IO sec ^ 
convulsive threshold was determined on two succcs 
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Fig 2 — Effect of MFA on knee jerk of chloralosed cat 
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Fig 3 — Effect of MFA on knee jerk of decerebrate cat 


sive days m 20 normal rats, and on the third day the 
threshold was determined again 3/4-1 hour after 
injection of 5 mg /kg MFA 

The results demonstrated quite clearly that the 
electric convulsive threshold is reduced by at least 
ten times The convulsions obtained by electric 
shock and MFA were identical but the electrically 
induced convulsions produced in the injected rats 
were more severe and of longer duration 

Experimental therapy 

Convulsive phase — Dog 19, given 1 mg /kg MFA 
by mouth, suddenly started convulsions after 87 min 
Attempts were made to inject sodium phenobarbitone, 
but these failed and chloroform was administered on 
an open mask Although the seventy of the tonic 
and clonic spasms was reduced the convulsions con- 
K 


tinued and the dog died before full anaesthesia was 
obtained / 

Preconvulsive stage — (1) Dog 53 was given 0 3 mg / 
kg MFA sc, and 45 min later 4 mg /kg dilantin 
(sodium diphenyl hydantom) was given by mouth 
As the excitable stage had started after 110 min 
40 mg /kg sodium phenobarbitone was injected intra- 
muscularly Convulsions of modified nature began 
in 120 min , and death followed 10 nun later 

(2) Dog 57 was injected with 0 3 mg /kg MFA 
sc, and this was followed by 40 mg /kg sodium 
phenobarbitone after 115 mm at the beginnmg of 
the excitable stage Fits started after 138 min , and 
another 40 mg /kg sodium phenobarbitone was 
injected intramuscularly , very mild convulsions 
rather like gross tremors continued without any 
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TIME IN MINUTES 


Fig 4 — Effect of MFA on flexor reflex (tibialis anticus) 
of spinal cat MFA 2 mg /kg sc Ordinates 
distance of coil in cm Abscissae timeinmmutes 

tonic ngidity of the chest or restriction of respira- 
tion, but death occurred at 195 mjn 

(3) Dog 58, 0 3 mg /kg MFA s c After 120 min 
it was quiet and was given dilantm 10 mg /kg by 
mouth, but convulsions started at 150 rrun Then 
2 mg /kg omnopon (equivalent to 1 mg /kg 
morphme) was mjected mtramuscularly There was 
no benefit, and it died at 165 nun 

(4) Dog 54, 0 3 mg /kg MFA s c The first 
105 mm were symptom free , 2 mg /kg omnopon 
was then mjected The dog was partly narcotized at 
140 mm , when the excitable stage started and another 
dose of omnopon (2 mg /kg.) was given Although 
the dog became qmeter, convulsions occurred at 
180 min , but were modified by the morphia It died 
at 225 ram 

(5) Dog 55, 03 mg /kg MFA s c After no symp- 
toms for 120 mm , hyoscme hydrobromide (0 02 mg / 
kg ) wa^ mjected and repeated agam at 195 mm as 
the excitable stage had begun Controlled and modi- 
fied convulsions started at 230 mm , lastmg until 275 
mm , when death occurred 

(6) Dog 53, 0 3 mg /kg MFA by mouth Thirty 
Tnin later sodium phenobarbitone. (20 mg /kg ) was 
given by mouth, and another 20 mg /kg. agam by 
mouth at 90 mm This treatment had effectively 
delayed symptoms by 61 hours, and the dog, although 
sleepy, was sitting up and ate a big meal At 71- hours 
his pupils dilated and the excitable stage had begun 
Another 20 mg /kg sodium phenobarbitone was 
mjected mtramuscularly and he became qmeter The 
same dose was repeated agam at 8i hours although 
he was sleepmg. No further anxiety was felt, and the 
dog remamed semicomatose for 30 hours and gradu- 
ally made a full recovery 

Prophylaxis 

(1) Dog 34 was given 84 mg /kg methylphenobarbi- 
tone (Rutonal M and B ) by mouth on one day and 


56 mg /kg on the next day, and this was followed by 
04 mg /kg MFA when the dog was yawning and 
sleepy 

All symptoms were postponed until 6i hours, when 
the hyperexcitable stage began He was then given 
0 35 mg /kg tubocuranne chlonde mtramuscularly 
Modified fits followed, and continued at mtervals of 
about 3 mm The knee Jerk was still present after 
20 mm , but respiration faded and death followed at 
6i hours 

(2) Sodium diphenyl hydantom (10 mg /kg.) by 
mouth was given to dog 60 on two successive days, 
followed by 5 mg /kg on another two days This 
dosage made the dog quiet and subdued , 0 3 mg /kg 
MFA was then given by mouth, but the effect of the 
anticonvulsant was msuflSaent to prevent the onset of 
convulsions after 4 hours The pattern of the fits 
was modified , they were shorter, of normal seventy, 
and with less relaxation m between The dog di^ 
after 4i hours 

Other measures to reduce muscular excitabihty, 
such as mjection of magnesium sulphate and 
chlonde and calcium gluconate, have been ineffec- 
tive m preventing death m rabbits 

Oxygen and CO, 

Two batches of 10 rats mjected with 5 mg /kg. 
MFA were used, the one as controls and the other 
kept m a small chamber m a continuous stream of 
Oj and CO, for 5 hours All the control rats had 


convulsions before 
was as follows 

those^ treated but 

the mortality 

Mortality 

Treated 

Controls 

24 hours 

7/10 

2110 

36 „ 

8/10 

4/10 

3 days 

10/10 

Discussion 

7/10 


Methyl fiuoroacetate is an exceedmgly mterestmg 
poison because unlike most others it is about as 
toxic by mouth as by mjechon The fact that 
doses of 0 1-1 0 mg /kg by mouth will kill ajl 
the species of animals tested, except the monkey, - 
mouse, and rat, shows that it is more toxic than 
strychnme or nicotine and bnngs it mto the cate- 
gory of acomtme and the most poisonous sub- 
stances known Lethal concentrations m food, 
water, or milk were not detected either by smell 
or taste, even by ammals such as the cat or dog 
with very keen senses 

Investigation of its pharmacological effects in 
the higher mammals shows that it is a powerful 
convulsive poison and careful clmical observation 
and cinematographic analysis of its action m 
monkeys strongly suggests that it acts predoim- 
nantly on the cerebral motor cortex and on the 
rest of the central nervous system to a lesser 
degree These suppositions are confirmed by n 
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companson of the effects of nicotine, strychnine, 
and leptazol (metrazol) on the monkey Bnefly 
MFA has almost an identical convulsive pattern 
with that of leptazol Both show a similar 
mihation of the convulsion by an apparent 
asymmetncal stimulation of the premotor cortex, 
demonstrated by conjugate deviation of the eyes 
and head rotation followed by a spread, at &st 
unilateral and co nfin ed to the same side of the 
body, and then becoming generalized 

MFA however differs very much from leptazol 
m some respects , whereas the effect of leptazol 
IS immediate, occumng withm 5-9 sec after 
mtravenous mjection, that of MFA is delayed for 
some 15-20 min. Further, leptazol usually pro- 
duces one fit only and is rapidly destroyed m the 
body, whereas MFA almost mvanably causes 
repeated convulsions either close together, lastmg 
about 15 min and followed by death, or more 
widely spaced and usually followed by recovery 
The lethal dose by mouth and by mjection is 
practically the same and the toxic symptoms 
appear after a s imil ar time, whether it is given 
by mouth or by mjection. Even mtravenous 
injection has httle effect on the time mterval 

Investigation of the smaller animals led the 
Cambndge workers to compare its action with that 
of mcotme, and m some animals, even in some 
monkeys, the depressive action is sufficient to sup- 
port tffis view , but whereas mcotme depresses 
the knee jerk m monkeys MFA does not and may 
even mcrease it Agam, MFA has a mcotme-like 
effect, raismg blood pressure after big doses, but 
no effect after doses which produce convulsions 
and even death 

At first we thought its action was like that of 
strychnme , the type of convulsion m the rat was 
similar, and m the preconvulsive excitable stage 
in the cat, auditory stimuh demonstrated a nervous 
hyper-sensitivity In the monkey, however, a real 
difference between strychnme and MFA was seen, 
convulsions bemg generalized and symmetncal 
with the former and asymmetncal to start with 
m the latter and almost Jacksonian m pattern 
In the rat the convulsion is predominantly tome 
and identical with that produced by electric 
shock 

In the monkey the repeated and severe tome 
and dome seizures, together with the conjugate 
deviation of the eyes, very strongly suggest a 
resemblance to the condition of status epilepticus 
in man Evidence m man confirms this behef, 
and m fact repeated and severe fits mdistmguish- 
able from status epilephcus are observed 

Although MFA is a powerful convulsant m 
most ammals, suggesting possibly that death is due 


to exhaustion and cerebral anoxia after repeated 
convulsions, there is considerable evidence agamst 
such a simple cause of death Goats and horses 
do not convulse, and observation of these and-other 
animals shows that death is due to a progressive 
failure of respiration, the heart contmumg to beat 
for some mmutes after breathmg has ceased In 
addition there is considerable haemoconcentration, 
but as there is no alteration m plasma proteins or 
evident oedema it is likely that this is chiefly due 
to contraction of the spleen and mobdization of 
red blood corpuscles from other depots Many of 
the ammals become very cold with apparent peri- 
pheral circulatory failure, this considerable loss 
of body heat bemg well marked m the horse 
Further mvestigation on this fine may possibly 
reveal some central effect on the heat regulating 
centre or mechanism Changes m blood chemistry 
reported here are based on a very small number 
of ammals only, but they reveal nothing which 
imght be of value in the mterpretation of the mode 
of action or m possible treatment 

If MFA were used as a poison for rabbits or 
rodents and other mammahan pests, there would 
always be the nsk of accidental poisonmg m man, 
especially as it is tasteless and odourless With 
the mcomplete evidence of its action available, 
but with the knowledge of the symptoms and 
probable cause of death, vanous therapeutic 
measures have been attempted The difficulties 
are great the first mdication of poisonmg m man 
is the onset of epilephform convulsions after an 
imtial penod of nausea and mental apprehension , 
treatment then amounts to very urgent measures 
to control status epilepticus, and to prevent the 
developmg depression of respiration , there is con- 
siderable danger that active attempts to control 
convulsions by drugs, which themselves may be 
depressive to the respu'atory centre, will only 
accelerate death 

There is some evidence that if sublethal or 
subconvulsive doses are taken by mouth at daily 
or less frequent mtervals it has a cumulative effect, 
and this is confirmed by Kilby and Kilby (1943) 
for inhalation by gumea-pigs, but they suggest 
that m rats the reverse is true, and that rats 
develop tolerance to repeated exposure to small 
doses by inhalation. 

The most effective drug for raismg the threshold 
of convulsions m epilepsy and electrically mduced 
fits m man (HemphiU and Walter; 1941) is sodium 
diphenyl hydantom (dilantm) Accordmg to GoUa 
(1943) this drug does not alter the explosive motor 
discharge from the cortex m epilepsy, but prevents 
its radiation through the central nervous system, 
unlike sodium lummal, which is thought to reduce 
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the actual motor discharge m the cortex and not 
to influence the spread Unfortunately dilantm 
has a pH of 114 and is only admimstered by 
mouth, the full effect takmg about 6 days to 
develop , therefore it is quite ruled out as a method 
of treatment for poisomng with MFA 

Sodium phenobarbitone or sodium lummal can 
be mjected mtramuscularly or intravenously , one 
dog survived three lethal doses of MFA when the 
barbiturate was admimstered repeatedly, startmg 
30 mm after the animal had swallowed the poison 
and before the onset of toxic symptoms , convul- 
sions were prevented and yet fatal depression of 
respiration did not ensue 

The application of intravenous anaesthetics has 
to be pushed to full doses in order to produce 
anticonvulsant effedts, because animals, even 
under chloralose or nembutal anaesthesia, still 
develop convulsions when MFA is given 

So far, m dogs, which were the most convenient 
and the most susceptible, ammals, no method of 
treatment has been effective once the convulsive 
phase or epileptiform state has been reached, and 
the techmcal difficulties of therapy, mvolvmg intra- 
venous injection mto a dog m convulsions, limit 
other possible hues of treatment However, 
reviewing one’s present knowledge of MFA the 
following lines of treatment for man are 
suggested 

1 Early mtra venous mjection of a rapidly actmg 
anaesthetic such as pentothal sodium or evipan 
sodium followed by 

2 intramuscular injection of a more prolonged 
actmg cortical depressant, such as sodium pheno- 
barbitone or sodium luminal, or rectal avertm , 

3 very careful supervision of respiration sup- 
plemented by adequate oxygen therapy with BLB 
mask and use of Bragg-Paul and / or Eve methods 
of artificial respiration , 

4 possible use of mtravenous hypertonic 
glucose as in status epilepticus , 

5 careful use of tubocurarme chloride to con- 
trol convulsions 

Summary 

1 The toxicity of MFA by mouth and subcu- 
taneous injection has been determmed for a variety 
of ammals There is considerable variation of 
dosage from 0 1 mg /kg in the dog to 10-12 
mg /kg in the monkey and the order of decreasmg 
suscepUbdity is dog, gumea-pig, cat, rabbit, goat, 
and probably horse, rat, mouse, and monkey 

2 The toxicity by inhalation for the rat and 
mouse has been investigated more fully than for 
other animals the LD50 for rats is 450 mg /cu m 


for 5 nun and for the mouse above 1,000 
mg /cu m for 5 mm 

3 The pharmacological effects of this substance 
by mouth and by injection m all the' animals 
investigated are descnbed In most animals it 
is a convulsant poison and causes progressive 
depression of respiration. It is toxic by inhalation, 
injection, and by mouth, but not when appLed 
to the skm 

4 The effect of MFA is compared with those of 
nicotme, strychmne, leptazol (metrazol), picro- 
toxin, and electrically mduced convulsions in the 
rat, cat, and rhesus monkey The convulsive 
pattern is considered to be similar to that of 
leptazol 

5 Post-mortem findings are briefly described, 
but little IS found except signs of asphyxia 

6 In a small number of rabbits, dogs, and 
goats estimations have been made of blood sugar, 
haemoglobm, plasma proteins, non-protem mtro 
gen, and serum potassium, calcium, chlonde, and 
morganic phosphate Apart from the ternunal 
nse m non-protein nitrogen and potassium, blood 
changes include a rise of 20-60 per cent m Hb, 
up to 90 per cent in blood sugar, 70-130 per cent 
m inorgamc phosphate and a less sigmficant nse 
in serum potassium 

7 MFA, like leptazol, acts on the whole central 
nervous system, but the higher centres are more 
sensitive than the lower 

8 Graphic records show that MFA stunulates 
the rate and volume of respiration and then causes 
fadure of respiration, probably central m origm 
Blood pressure is little affected by small doses, 
but very large doses have a mcotme-like action 

9 MFA appears to accentuate the knee jerk 
until irradiation of tlie stimuli is so facihtated 
that convulsions occur 

10 Nervous conduction in the reflex arc of a 
spinal cat is increased and the threshold stimulus 
lessened 

11 In rats the electric convulsive threshold is 
reduced about 10 times by MFA 

12 As MFA IS both a-powerful convulsant and 
a respiratory depressant, the difficulties of treat- 
ment are stressed, but suggestions for treatment 
in man are made 

13 Smce MFA is about equally toxic by mouth 
and by injection, and is not readily detected or 
destroyed, it presents a serious hazard as a food 
and water contaminant if used as a poison for 
rodents and other vermin 

The chemical estimations of plasma proteins, non 
protein nitrogen, calcium, and potassium were ma 
by Dr F C Courhce, and estimations of chlonde ana 
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inorganic phosphate by K M Wilson, to whom I am 
mdebted 

I am also grateful to Professors Cameron, Lovatt 
Evans, Gaddum, and Golla for their advice and help, 
also the Chief Scientist of the Ministry of Supply for 
permission to pubhsh 
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During the past few years there have been 
references to therapeutic uses of intravenously 
administered procame, mostly to produce anal- 
gesia (Lundy, 1942 , Gordon, 1943 , McLachhn, 
1945 , AUen, 1945) and also to counteract cardiac 
arrhythmias (Burstem and Marangom, 1940 
Burstem, 1946) 

Intravenous admimstrahon of a drug as toxic 
as procame, whether by a single rapid mjection or 
by a slow infusion, mvolves a consideration of the 
rates of dilution, (iiffusion, fixation, excretion, and 
destruction of the drug m the body Eggleston and 
Hatcher (1916) showed that the toxicity of intra- 
venous procame increased directly with the rate of 
mjechon, and Macdonald and Israels (1932) and 
Hill and Macdonald (1935) demonstrated the same 
relation for depression of breathmg Eggleston 
and Hatcher (1916) also showed, by perfusion ex- 
periments in cats, that procame is destroyed m the 
hver, but, usmg a biological test for the estimation of 
procame concentrations, they observed no destruc- 
tion of procame by the blood m dogs These results 
were confirmed by Dunlop (1935) m experiments 
on dogs, m which procame and p-ammobenzoic 
acid blood levels were determmed by a diazotiza- 
bon method, usmg /3-naphthol as couplmg reagent , 
after hepatectomy he still found some destruction 
of procame which was attnbuted to an action by 
tissues other than the hver, though blood itself 
appeared to be inactive Recently, however, Gold- 
berg, Koster, and Warshaw (1943), Kisch, Koster, 
and Strauss (1943), and Hazard and Ravasse (1945) 
have adapted the Bratton and Marshall (1939) meth- 
od for sulphonarmdes to the determmation of pro- 
came and p-ammobenzoic acid m blood and tissue 
fluids They have shown that the plasma and serum 
of many speaes of animals, mcludmg man (m 
whom the effect is most powerful of all), can hydro- 
lyse procame to p-ammobenzoic acid and di- 
ethylammoethanoL They ascnbe this action to the 


presence of an enzyme, “ procame esterase,” which 
is said to be distmct from chohnesterase, tropin- 
esterase, and hpase 

Our work was designed to study procame blood 
levels m cats after rapid mtravenous mjecbon, or 
slow infusion at vanous rates, with the special aim 
of deter minin g the contnbutions made by diffusion, 
fixation, excretion, and destruction to the rapid 
removal of procame from the blood The parts 
played by the hver and kidney and the effects of 
physoshgmme, neostigmine, methylene blue, and 
diwopropylfluorophosphonate on procame meta- 
bolism have also been studied 


Chemical reactions involved in experiments 


Procame is hydrolysed as follows — 



p-Ammobenzoic acid may be acetylated, a reaction 
which occurs slowly m the hver and which is 
neghgible durmg the perfusion experiments to be 
descnbed The amount of acetylation is consider 
able m the rabbit and m man, but is small in the 
cat (Ansbacher, 1944) p-Ammobenzoic acid 
may also be conjugated with glycme to form 
p-ammohippunc acid This reaction is very shght 
m man and in the cat (Beyer, Mattis, Patch, and 
Russo, 1945) 


Methods 

Cats were anaesthetized with chloralose (80 ms / 
kg body weight) Artenal blood pressure was re 
corded by a cannula m one common caroUd artery 
One femoral artery was cannulated for collechon o 
artenal blood samples The injections or ^ 

of procame were given mto the femoral vem ot 
opposite side Infusions were kept at a constant ra 
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by the use of a Marnotte bottle and a dnp bulb, into 
which was incorporated a platinum loop connected to 
a Gaddum drop recorder to give a graphic record on 
the smoked drum In this way changes in rate of 
flow were soon noticed and corrected Procame 
hydrochloride was made up to 0 3-0 5 per cent (w/v) 
in 0 9 per cent (w/v) NaCl solution The rate of 
admmistration is expressed as mg of procame hydro- 
chlonde/kg body wt /mm _ 

Femoral artery blood samples were collected mto 
a mixture of sodium fluonde and potassium oxalate 
to give a final concentration of M/2 NaF and M/IQ 
CjO^K; HjO The blood-oxalate-fluonde mixture was 
then placed m a refrigerator at —5° C It had previ- 
ously been shown that at room temperature less than 
5 per cent of procaine was destroyed m 1 hour in 
contact with this mixture, and on freezmg the loss 
was undetectable At the end of an experiment 2 c c 
of each blood-oxalate-fluonde mixture were added to 
8 cc of 12 5 per cent (w/v) tnchloroacetic acid in 
order to preapitate protems and provide an acid 
medium m which procame is stable 

Procame and p-anunobenzoic acid concentrations m 
blood and unne were determmed by a modification of 
the method described by Kisch and Strauss (1943) 
The procame was extracted m narrow tubes mto 
chloroform (mstead of ether) and re-extracted mto 
0 6 iVHCI m which the procaine concentration was 
then determmed by the method of Bratton and 
Marshall (1939) as used for sulphonamides Simi- 
lar determinations were made on the blood filtrate, 
directly and after boihng for 1 hour with 6N HCl , 
these enabled the concentrations of free and acetylated 
p-ammobenzoic acid to be calculated 
The effect of the hver on procame destruction was 
studied by notmg the change m blood procame con- 
centration produced by excludmg the liver from the 
circulation, m a manner similar to that descnbed by 
Smyth (1947) m his studies on acetate metabohsm 
The whole of the portal area was excluded from the 
cuculation and the hepatic artery was isolated but left 
patent It was found that when a constant rate of 
procame infusion had been estabhshed for about 
15 mm the blood level had become constant The 
hepatic artery was then clipped so as to cut off nearly 
all the remaining blood flow through the liver, and 
the infusion was contmued at the same rate 

Results 

Continuous infusion of procaine 
Procaine infusions have been given at different 
rales for periods of up to 30 mm At the begm- 
nmg of the infusions there was frequently a 10-15 
mm Hg nse m blood pressure, but the rates of 
flow studied did not subsequently reduce blood 
pressure or depress breathmg except with rates 
exceeding 2 0 mg /kg body wt /mm 
In Fig 1 the effect of an mfusion of 0 8 mg /kg / 
mm of procaine for 18 mm is shown The blood 



Fig 1 — Curves of procame and p-ammobenzoic acid 
blood concentrations durmg and after an mfusion 
of 0 8 rag procame/kg /mm m a cat Ordmates 
concentration of procame or p-ammobenzoic acid 

m mg /I Abscissae tune m mm • • = 

procaine, o o = p-ammpbenzoic acid, 

I ~1 = penod of infusion 

level of procame rose within 3 mm to 9 5 mg /I 
and subsequently to 12 mg /I after 16 mm Withm 
2 mm of stoppmg the mfusion the blood level had 
fallen to 5 mg /i and 12 mm after the end of 
the mfusion it was 2 mg jl The level of p-ammo- 
benzoic acid rose durmg the course of the mfusion 
to 7 5 mg /I and after the end of the mfusion a 
further shght nse to 9 mg /I was noted , 12 mm 
after the end of the mfusion it was still 8 5 mg, /I 
In Fig 2, 2 5 mg /kg /mm of procaine was m- 
fused for 12 5 mm At 2 5 mm the blood level was 
35 mg /I , at 5 mm it was 55 mg /I , and at 12 mm 
it had risen to 66 mg /I After the infusion was 



Fig 2 — Ordinates and abscissae as in Fig 1 Procaine 
mffision at 2 5 mg /kg /min Procaine and p-amino- 
benzoic acid (PABA) blood levels during and after 
mfusion 



/I mg /kg /min 
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minutes 

Fig 3 — Curves of blood procaine and /i-ammobenzoic 
acid concentrations at different rates of infusion of. 
procame Upper part of record rate and duration 
of mfusion Lower part of record procaine and 
^aminobenzoic acid (PABA) blood concentrations 
Ordinates on left procaine Ordinates on right 
/(-aminobenzoic acid 

stopped the blood procaine level feU rapidly, and 
within 2 min of cessation it was 40 mg /I , within 
5 mm it was 25 mg /] , and subsequently it declined 
more slowly to 3 mg /I by 20 ram after the 
mfusion had ended 

The effects of successive increases m rates of 
mfusion on blood procaine levels are shown in 
Fig 3 At rates of 0 5—1 6 mg /kg /mm the blood 
curves flatten out by the end of the mfusion The 



0 os (-0 1-5 

mg /kg /min 


Fig 4 — ^Relation of infusion rate to blood procaine 
concentration Data from curves of Fig 3 Ordin- 
ates concentration of procame in blood m mg ft 
Abscissae mfusion rate of procame m mg /kg /mm 


mfusion at 2 1 mg /kg /mm was not mamtamed 
long enough to reach a plateau level, owmg to the 
development of respiratory failure It was found 
that whenever the mfusion had been tolerated for 
a suflicient penod (10-30 mm dependmg on the 
rate of mfusion) a constant blood procame level 
was reached, the height of which was proporbonal 
to the rate of infusion The relation between m 
fusion rate and blood level of procaine is shown 
m Fig 4, which summarizes the data set out m 
Fig 3 The blood levels mdicated m Fig 4 are 
the equilibrium values 

Single injections of procame 

In one experiment smgle injections of procaine 
were given (each injection took 30 sec ) and blood 
levels were determined i mm, H mm, 3i mm, 
and 5i mm after completion of the injection An 
interval of 30 mm was allowed between each 
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Fig 5 — ^Blood procaine concentrations after smgle 
injections of procame In each curve the numeral 
at the top shows the dose in mg of procaine mjecteo 
The black square mdicates the penod of injection 
(i mm ) 

injection so that blood prbcame levels could return 
to zero before the next mjection Fig 5 shows 
the mitial high blood procame concentrations and 
the subsequent very rapid decreases after injections 
of 5, 10, 20, and 30 mg of procame The highest 
rate of fall is dunng the first minute after the en 
of the injection — e g , after 30 mg procaine the 
blood level was 77 mg /I at i mm and 22 mg /' 
at li mm after the end of the mjection 
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hiterpretation of blood level changes after single 
injections of procaine 

It will be seen m Fig 5 that after a single injec- 
tion of 30 mg procame m 30 sec the blood pro- 
caine level fell from 77 mg /I to 7 5 mg /L within 
5 min of completion of the injection Reference 
to Fig 2 shows that after the termination of an 
infusion of procame the blood level fell from 65 
mg /I to 25 mg /I withm the ^ame period The 
factors which produce this significant difference in 
rates of decay wdl now be considered 
After a single injection the fall in blood procame 
'level may be due to the foUowmg factors — 

1 Diffusion from the blood stream mto the 
tissue fluids and cells 

2 Fixation by tissues 

3 Destruction m the blood stream, tissue 
fluids, and cells 

4 Excretion 

It will be shown later that urinary excretion is 
negligible, and there is no evidence for significant 
elimmation in any other way, so that the difference 
between the decay curve after a single injection 
and that after a continuous infusion must be 
related to the other factors After a single injec- 
tion lasting i min there must be a considerable 
element of diffusion from the blood into the tissues. 



minutes 


Fig 6 — Ordinates blood procame concentrations 

(from Fig 2) on loganthmic scale Abscissae 
time in mm Note the straight line decay in procaine 
concentrations 


whereas after the end of an mfusion, when a 
plateau blood level has been reached, fins factor 
would be negligible Smce the blood contains a 
higher concentration of the enzyme procame 
esterase than any other tissue (Kisch, Koster, and 
Strauss, 1943) this blood enzyme would seem to be 
the most important factor m the fall in blood pro- 
came level after the end of an mfusion If this 
were so there should be an exponential decay curve 
typical of such enzymatic processes, and Fig 6 
shows that when the decay curve from Fig 2 is 
replotted with blood procame concentrations on a 
logarithmic scale a straight line relationship is 
revealed This observation, of course, does not 
locate the site of enzymatic destruction, whether m 
blood or tissues, but it does belp to distinguish 
the factor of diffusion from that of destruction m 
the following way If it be assumed that 5 mm 
after a smgle i mm injection of procame diffusion 
from the blood has virtually ceased, and further 
that even diffusion mto the whole body water 
(mtracellular and extracellular) has occurred, then 
It IS possible to calculate what proportion of the 
decay curve is due to diffusion and what to 
enzymatic destruction 

In the experiment recorded m Fig 5 the cat 
weighed 2 2 kg , and accordmg to Gregersen (1941) 
the blood volume would therefore be 250 c c , the 
extracellular fluid volume 550 c c , and the total 
body water 1,500 c c If 30 mg procame be evenly 
distributed throughout the total body water the 
blood level would be 20 mg /I .and if diffusion 
were incomplete a higher value would be found 
The actual blood level 5 mm after completion of 
the mjection was 7 0 mg /I Similarly, the pro- 
came concentrations to be expected after 20, 10, 
and 5 mg injections would be 13 5, 6 8, and 3 4 
rag /I respectively , the actual blood levels were 

4 5, 2 0, and 0 9 mg /I It is therefore evident that 
m each case about two-thirds of. the injected pro- 
came has been destroyed or fixed m the tissues in 

5 mm After mjection of 10 mg of procaine the 
p-ammobenzoic acid level (2 5 mg /I ) suggested 
that the disappearance of this fraction of procaine 
was due almost entirely to hydrolysis and not to 
tissue fixation From the data given by the decay 
curve m Fig 2 thfe reduction m blood procaine 
levels due to enzyme action can be estimated (see 
Appendix) and the reduction due to diffusion can 
be calculated by difference from the values given 
in Fig 5 - In Fig 7 the continuous Ime shows the 
curve of enzymatic breakdown that would be 
expected if diffusion were instantaneous, and the 
dotted hne the fall m blood level produced by 
diffusion alone 
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Fig 7 — Curves showing contnbutions of diffusion 

(o o) and enzymatic destruction (• •) 

to fall in blood procame concentrations after 
injection of 30 mg proc^e m i mm The curves 
have been obtam^ by calculations descnbed m the 
text and the Appendix, and should be compared 
with that after 30 mg procame m Fig 5 

The kidney and procame blood levels 

The possibihty that the kidney might destroy 
or excrete infused procame quickly enough to 
influence blood levels was studied 

1 By determimng blood procame levels before 
and after hgation of the renal pedicle 

2 By measurmg procame excretion m the 
unne 

1 Fig 8 shows the results of an experiment m 
which an infusion of procame at a rate of 1^ 
mg /kg /min was given for 30 mm In the first 
infusion a peak procame level of 22 mg /I was 
recorded , the p-ammobenzoic acid level rose 
steadily and remamed at 20 mg /I when the pro- 
came level had fallen to 2 5 mg /L after the end 
of the infusion The renal pedicles were then 
ligatured tightly to cut off all blood flow through 
the kidney, 80 mm after the end of the first infu- 
sion The infusion was then restarted at the same 
rate as before and contmued for 30 mm The 
peak blood procame level was 24 mg /I at the end 
of the infusion period The p-ammobenzoic acid 
level which was 17 5 mg /I at the begmnmg of 
the second mfusion rose more- steeply than on the 
first occasion and finally reached a value of 50 
mg /I at 30 mm after the end of the infusion 


The difference between the peak procame values 
of 22 mg /I durmg the first mfusion and 24 mg /I 
durmg the second mfusion (after tymg the renal 
pedicles) is very small and suggests that procame is 
neither destroyed nor excreted to any significant 
degree by the kidney The steeper rise m p-amino- 
benzoic acid levels after hgature of the renal- 
pedicle suggests a significant excretion of this sub- 
stance by the kidney 



hours 


Fig 8 — ^Effect of tying both renal pedicles on procame 
and p-aminobenzoic acid blood concentration after 
infusions of procaine (1 2 mg /kg /mm ) 

2 Urmary excretion of procame and p-amino 
benzoic acid was studied m both cats and man 
In Fig 9 (b) the excretion of procame and 
p-ammobenzoic acid m the unne of a cat is 
recorded for 2! hr durmg and after an mfusion of 
procame at a rate of 0 8 mg /kg /mm for 25 mm 
The blood level was steady at 21 'mg /I 21 per 
cent of the mjected procame was excreted as such 
durmg the mfusion and m the subsequent 2 hr 
a further 1 4 per cent was recovered This rate of ^ 
excretion could play no significant part m the fall 
m blood level after the mfusion ended The excre 
tion of p-ammobenzoic acid was much greater 
In Fig 9 (a) the excretion of procame and 
p-ammobenzoic acid m human unne is recorded 
durmg and after an infusion of 2 g of procame n 
70 mm , unne bemg collected for a total penod of 
5i hr Only 0 3 per cent of the mjected proc^c 
appeared m the unne durmg this penod The 
smaller proportion of procame found m human 
urme may be related to 4he finding of Kisch et a 
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Fig 9 — ^Urmaiy excretion of procame, ^anunobenzoic 
acid (PABA), and acetylated PABA after procame 
infusions m (a) a normal human subject and (&) a 
cat Ordmates amounts of the above compounds 
excreted m mg / min Abscissae time m hr The 
black horizontal hnes mdicate the penods of 
mfusion (d) 2 g procame m 70 mm , (o) 0 8 mg / 
kg /mm for 25 mm 


(1943) that the procame esterase activity of human 
blood is greater than that of cat’s blood In human 
urme it will be noticed that a large proportion of 
p-ammobenzoic acid is acetylated , in cat’s unne 
the acetylated fraction is neghgible * 


The liver and procaine blood levels 

The part played by the hver m the destruction of 
procaine was mvestigated by recordmg the effect of 
excludmg the hver from the circulation on blood 
procame levels dunng an mfusion m an eviscerated 
cat 

In Fig 10 a procame mfusion of 0 65 mg /kg / 
mm produced a plateau blood level of 14 mg /I 
Twenty mm after the beginnmg of the mfusion 
the hepatic artery was chpped and the mfusion 
continued at the same rate The blood procame 
level rose rapidly to 24 mg /I and after 20 mm 
of artenal occlusion the level was 25 mg /I , 
p-aminobenzoic acid blood levels rose steadily 
throughout the whole mfusion period and there 
was no significant change m the slope of the curve 
durmg the penod of hepatic artery occlusion 

It was thought possible that the hver might be 

• Since this paper w’as submitted for publication Krebs Sykes and 
Bartley (1947) have found that in many animals IncludinR cats 
but not man there are enzymes which dcacctylatc N4-acetylsul- 
phonamidcs and which presumably could dcacctylatc p-acetamlno- 
bcnzoic add The presence of such enzymes probably accounts for 
the very small amounts of p-acctamlnobenzoic add found in the 
blood and urine of cats after procaine administration 


concerned with the synthesis and hberation into the 
blood stream of procame esterase, as has been 
claimed for cholmesterase by Brauer and .Root 
(1946) The increased toxicity of procame after 
hver damage noted by Ellmger and Hof -(1929) 
might therefore be due to a reduction m blood 
procame esterase To test this hypothesis liver 
damage was produced by mtrapentoneal mjection 
of carbon tetrachlonde mto rats and rabbits 
Each rat was given 0 075 c c of CCh on five occa- 
sions at 2-day mtervals The rabbits were given 
0 4 c c /kg on the 1st day and 0 2 c c /kg on the 
3rd and 5th days Serum procame esterase deter- 
mmations were made before and at mtervals 
durmg the penod of (XIL admmistration, using the 
method desenbed by Kisch and Strauss (1943) In 
rats the normal serum procame esterase values 
were too small to give useful information, and the 
rabbits, m which high procame esterase concentra- 
tions were found, showed no reduction with hver 
damage 





.0 


0 ^' 



Fio 10 — ^The effect of excluding the liver from the 
circulation during infusions of procaine Upper 
scale p-aminobenzoic blood values Lower s^e 
procaine blood values The expenment was done 
as described in the text m an eviscerated cat with 
the hepatic artery isolated and left patent Between 
the arrows the hepatic arteo' was clipped 


Effects of physostignime, neostigmine, methylene 
blue, and dhsopropylfluorophosphonate on 
blood procame and procaine esterase 
Kisch (1943) reported a powerful inhibition of 
procame esterase in vitro by physoshgmme, neo- 
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CDFP) on blood procaine and procaine esterase 
concentrations during a constant infusion of 
procaine at 1 0 mg /kg /mm The procame esterase 
concentration is recorded above in arbitrary units 
T^e procame blood levels are recorded below At 
the arrows DFP was injected 

stigmine, and methylene blue Doses of 1 mg 
physosUgtmne, 0 75 mg neostigmme, and 10-50 
mg methylene blue had no effect on blood pro- 
caine levels dunng infusions mto cats Diuopropyl- 
fluorophosphonate (DFP), m doses of 0 5 and 2 
mg /kg, as shown in Fig 11 also produced no 
sigmficant change in blood procaine level during 
an mfusion of procaine at 1 mg /kg /min The 
slight fall m serum procame esterase activity and 
the slow small rise in blood procame level noted 
m this record are probably due to the effects of 
repeated withdrawals of blood for determination 
of procame concentrations 

Discussion 

The administration of mtravenous infusions of 
procame, as descnbed by Lundy (1942), Gordon 
(1943) McLachlm (1945), and Allen (1945, 1946), 
must be closely associated with the rate of inactiva- 
tion of this compound in the body Rates of 10—50 
mg procame /mm can be admmistered to human 
subjects for several hours with no evidence of 
cumulative action, and rates of up to 150 mg of 
procame /mm have been given for short penods, so 
that theprocesses of detoxication areextraordmanly 
rapid and eflBcient , this is also shown by the speed 
of recovery from the effects of mtravenous pro- 
came 

The rates of infusion of procame administered 
to cats correspond very closely to those given m 
man In cats; as observed by HiU and Macdonald 
(1935) and confirmed by ourselves, rates m excess 
of 2 mg /kg /min are liable to produce respiratory 
failure , this would be equivalent to 12 c c of 1 per 


cent procame /mm m a 60 kg man It might how- 
ever be expected that man would tolerate more 
than this by virtue of the greater procame esterase 
activity of human blood, which is about 3 times 
that of cat’s blood (Kisch et al , 1943) 

It IS clear from the results recorded m Fig 8 
and Fig 9 that the kidney plays an msigmficant 
part in the destruction or excretion of procame, 
and the fact that in man less than 0 5 per cent of 
the injected procame appears unchanged m the 
unne withm a few hours shows that urinary excre 
tion is of no importance 
Since the marked tolerance to mtravenous pro 
came is not due to very rapid excretion, it may be 
assumed that the drug is speedily inactivated in 
the body 'Destrucfaon of procame by the hver was 
shown by Eggleston and Hatcher (1916) and by 
Dunlop (1935) and was postulated by Ellmger and 
Hof (1929), and destruction by blood in vitro has 
been demonstrated by Kisch et al (1943) and 
Hazard and Ravasse (1945) The question there 
fore arises as to how much the blood and hver 
respectively are responsible for the mactivation of 
procaine Our experiments on eviscerated animals 
give some idea of the proportion of procame which 
may be destroyed by the hver The rate of pro 
came destructfon bears an inverse relationship to 
the blood level (plateau level) , the rate after 
exclusion of the liver is thus 14/24ths of the 
onginal rate, the liver having, been responsible for 
the remamder of the destruction — viz, about 40 
per cent of the total procame catabohsm 
It was thought possible that the hver might 
secrete procaine esterase into the blood stream m a 
manner smiilar to that descnbed for cholinesterase 
by Brauer and Root (1946), who showed that hver 
damage produced by carbon tetrachloride reduced 
the plasma chohnesterase level m rats, though sub 
sequently Elhs, Sanders, and Bodansky (1947) have 
folmd that this does not occur m rabbits Our 
expenments on serum procaine esterase levels in 
rats showed such low concentrations of this enzyme 
that the effects 'of hver damage could not be 
assessed In rabbits, m which procaine esterase 
determinations were easily performed, hver 
damage caused no reduction m serum concentra- 
tions of this enzyme From this it is concluded 
that procame esterase is not released from the liver 
mto the general circulation m the rabbit 

Kisch et al (1943) found that physostigmine, 
neostigmme, and methylene blue all inhibited pro 
came esterase in vitro Neither these substances 
nor dusopropylfluorophosphonate had any effect 
m fuU doses on the procame blood levels m cats 
With slow mfusions, once the mihal diffusion 
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has occurred, the maintenance of a steady blood 
level IS largely if not entirely the result of enzy- 
matic destruction, and it is mterestmg to note that 
plateau blood levels are reached with aU rates of 
infusion below those which depress respiration In 
a cat weighmg 3 kg , 5 mg of procame can be m- 
achvated per mm , m a man weighmg 60 kg this 
would correspond to 100 mg /mm which has often 
been given with apparent safety 

There seems to be httle doubt that the destruc- 
tion of procame is m fact hydrolysis with the for- 
mation of p-ammobenzoic acid and diethylammo- 
ethanol, the former of these two compounds having 
been frequently detected and estimated m blood and 
unne m the course of these experiments The con- 
tmued presence of fairly high p-ammobenzoic acid 
blood concentrations after the blood procame levels 
have fallen almost to zero suggests that procame 
which IS bound to tissues immediately after diffu- 
sion IS either slowly hydrolysed by such tissues or is 
hberated slowly from these tissues mto the blood 
stream where hydrolysis takes place 

We are very grateful to Mr W F Floyd for help- 
ful cnticisms of this work, and to Mr F J Haydon 
for technical assistance 

Summary 

1 Blood procame and p-ammobenzoic acid 
blood levels were determmed m chloralosed cats 
after procame infusions at rates of 0 5-2 5 mg /kg 
body wt /mm , and after short single mjections of 
5-30 mg of procaine 

2 With mfusion rates of 0 5-2 5 mg /kg body 
wt /mm , maximum blood procame levels of 6-66 
mg /I were recorded, and where the mfusion was 
tolerated for at least 10 mm constant blood levels 
were always attained Simultaneous p-ammoben- 
zoic acid blood levels suggested rapid and extensive 
hydrolysis of procame 


3 Blood procame decay curves were determmed 
m six cats and found to be loganthmic 

4 After short smgle injections of procame the 
rapid fall m blood level during the first two mmutes 
after the mjection is due almost entirely to diffu- 
sion from the blood into the tissues 

5 The kidney plays no significant part m the 
reduction of procame blood levels during and after 
procame infusions, but excretion of p-ammoben- 
zoic acid IS rapid and considerable 

6 The fiver is responsible for destruction of up 
to 40 per cent of the procame metabolized m the 
cat 

7 There is no conclusive evidence that the fiver 
“ secretes ” procame esterase mto the blood stream 
(rabbit) 

8 'Physostigmme, neostigmme, methylene blue, 

and DFP do not influence blood procame levels 
during procame mfusion __ 

Appendix 

(Written with the help of Mr W F Floyd of the 
Department of Physiology, Middlesex Hospital 
Medical School) 

Note on the calculation of enzymatic hydrolysis 
after rapid injection 

When the type of substrate concentration- 
velocity curve for the enzyme is known the rate of 
enzymatic hydrolysis can be calculated from the 
mean rate of breakdown over the whole period of 
observation After a smgle rapid injection the 
blood concentration is much higher than the bssue 
concentration during the first few mmutes Thus 
the assumption made here that the procame is 
hydrolysed only in the blood will probably not 
mvolve a large error 

When the concentration of procame in the blood 
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IS Ct, the concentration hydrolysed in the small 
time mterval 8/ (C, bemg the mid-mterval concen- 
tration) is obtamed by multiplying C by a 
coefficient proportional to the mean rate of break- 
down occurring m umt time (i e , the product Km) 
and by 8r 

Hence the total concentration hydrolysed m the 
time interval 0-+T is the sum of the concentra- 
tions hydrolysed m the successive time mtervals Sr 
This IS equal to the difference between the total 
amount mjected (W^) and that still unhydrolysed 
at time T (W ,) divided by the fluid volume (a) m 
which they are dispersed — 

1 e , s QKm St = {fVo - WrVa 

1—0 

(Note the parameter K m the product Km is 
the velocity constant of the en 2 ynie reaction , m^s 
proportional to the enzyme concentration m this 
blood and for any one animal is a constant ) 

An example of the workmg for an mjechon of 
30 mg of procame mto a 2 2 kg cat with a total 
body water of 1 5 1 is given m the Table 
In order to calculate the entries for column 3 
of the Table it is necessary to determine the value 
of Km as follows — 


5 25 

S C| = 233 (i e , sum of total values of Q) 

° lTo=30mg lTT=105mg a=151 
Sr = 0 5 minutes 


Rm = 


Wo-Wt 

a St SC( 
o 


30 - 10 5 


1 5 X 0 5 X 233 


0 1114 


In Fig 7 the contmuous curve is that given by 
column (4) and the dotted curve by column (5) 
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EFFECTS OF BAL AND BAL GLUCOSIDE IN ACUTE 

LEAD ACETATE POISONING 

BY 

M WEATHERALL 

From the Pharmacological Laboratory, Umversity of Edinburgh 
(Rccdvcd Augmt 14 1947) 


2 3-Dimercaptopropanol (BAL) was descnbed 
by Peters, Stocken, and Thompson (1945) as an 
antidote to lewisite and other forms of arsenical 
pdisomng It has also been found to protect 
animals poisoned by several other heavy metals, 
but so far as is known the only data on its effect 
in lead poisonmg are those of Braun, Lusky, and 
Calvery (1946), who found that after smgle or 
repeat^ mtrapentoneal mjections of lead mtrate 
mto rabbits courses of BAL mcreased the 
mortahty above that of control groups of animals 
The experiments reported m the present paper 
are part of a study of the action of BAL and 
other dithiols in lead poisoning 

Materials and Methods 

Materials 

The BAL used in this investigation was a water- 
purified sample kindly presented by Prof R A 
Peters It was stored in a refngerator and solutions 
were prepared freshly as requured Solutions of BAL 
glucoside (Danielh, DameUi, Mitchell, Owen, and 
Shaw, 194Q were prepared from its barium salt by 
liberatmg the free dithiol with sulphunc acid, pre- 
cipitatmg any residual banum with sodium sulphate 
and removing the precipitate by centnfuging The 
strength of the solutions was estimated by lodme 
titration before use thus gavp somewhat variable 
results, but was more satisfactory than computing 
the strength from the amount of banum salt used, 
as the latter vaned considerably m its thiol con- 
tent The doses quoted must be regarded as only 
approximate 

Red cell fragility experiments 

Freshly prepared, hepannized, and washed rabbit 
red blood cells were allowed to react with lead acetate 
or BAL or plasma or mixtures of these, usually for 
one hour at room temperature Their fragihty was 
then determmed by addmg ahquots to a senes of 
sodium chlonde solutions ranging from 028 to 0 64 
per cent (w/v) at mtervals of 0 04 per cent, centn- 
fugmg and estimatmg the haemoglobm concentration 
in the supernatant fluid by visual companson with 


standards at 20 per cent mtervals prepared from a 
water-laked suspension of the same red cells The 
percentage lysis plotted against the salt concentration 
gave a sigmoid curve from which the 50 per cent lytic 
concentration (LyC50) was obtamed graphically TTie 
probit of the percentage lysis plotted agamst the loga- 
nthm of the salt concentration allowed a straight fine 
to be fitted fairly closely , such hues did not give a 
substantially different estimate of the LyC50 and were 
used only when a quantitative estimate of the slope 
was required For measurements in vivo the saitie 
procedure was followed, except that ahquots of the 
washed cell suspensions were added immediately and 
without other mampulahon to the series of sodium 
chlonde dilutions 

Blood estimations 

Reticulocyte and red cell counts were performed by 
the usual techniques Haematocnts were determmed 
in capillary tubes of 0 1 ml capacity Haemoglobm 
was estimated m early experiments as carboxyhaemo- 
globin by means of a ddution comparator and later as 
cyanmethaemoglobm (King, Gilchnst, and Delory, 
1944) by means of a Hilger Spekker absorptiometer 
calibrated with rabbit blood of known oxygen capa- 
city Calculations based on duplicate estimations 
made in the course of these expenments gave the 
standard error of the red cell counts as ±0 22x10* 
cells per cu mm and of the haemoglobm deteimma- 
tions by the cyanmethaemoglobm method as ±0 28 g 
haemoglobin per 100 ml 

Rabbit metabolism experiments 

Adult rabbits of both sexes and various breeds were 
kept m metabohsm cages for 22 hours a days and fed 
m the remaming two hours on bran, oats, greens, and 
turnips Water was allowed ad libitum Lead acetate 
was given by stomach tube and dithiols by injection 
into the muscles beside the vertebral column Three 
to five rabbits were handled m a smgle expenment 
Of these, one was treated with lead acetate and either 
olive oil as used to dissolve the BAL or glucose equiva- 
lent to the amount of BAL glucoside given to the 
other rabbits , sometimes one was treated with a 
dithiol and no lead , and the rest received lead and 
a dithiol The rabbits were allotted to different treat- 
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ments by a random procedure Variation due to 
external conditions therefore affected all groups as 
far as possible equally 

Coproporphyrin estimations 

Coproporphyrm was estimated, usually in duplicate, 
on toluol-preserved three-day samples of urine and 
on three-day samples of faeces ground with anhydrous 
sodium sulphate, as described by O’Bnen (1946) The 
unne and faeces were acidified with glacial acetic 
acid and extracted with ether The ether was washed 
with 2 per cent (w/v) sodium acetate and extracted 
with 5 per cent HCl The HCl was neutralized with 
sohd sodium acetate and extracted with ether , this 
ether was extracted with 0 5 per cent HCl The last 
three steps were repeated once or twice if necessary 
to give a bright red fluorescent solution The faecal 
extracts were taken mto 0 2 per cent HCl and washed 
with chloroform before estimation Completeness of 
extraction was checked at each stage by observmg 
the absence of fluorescence m ultra-violet hght. The 
coproporphyrm m the extracts was estimated fluori- 
metneaUy in 0 5 per cent HCl against a standard 
solution of coproporphyrm I, kmdly provided by 
Mr J R P O’Bnen, m a Rimington-Schuster com- 
parator (Rimmgton, 1943) The standard error, calcu- 
lated from dupheate estimates, m these expenments 
was ±8 2 per cent for unnes contammg 3 to 100 
per 100 ml The porphyrm was not further identified, 
but m view of the technique of extraction used and 
the well-estabhshed , excretion of coproporphynn m 
lead poisonmg (Fischer and Duesberg, 1932 , Watson, 
1936, etc) there is httle doubt as to the substance 
estimated 

Results 

/ Preliminary experiments 

PreUminary expenments were carried out in 
mice Promismg results were obtamed (Table I), 
but it was difficult to produce lead poisomng 
suitable for experimental study m these animals 
They were very resistant to lead salts given by 

TABLE I 

The effect of BAL and BAL glucoside injected mtra- 
muscularly m mice poisoned by lead acetate mjected 
mtrapentoneally 


Dose of 
lead 
acetate 
mg /kg /da> 
for 6 days 

Dithlol 

Dose of 
dithiol 

mg /kg /day 
for 6 days 

Mor 
talitv 
at 14 
days 
from 
start 
of expt 

Sigmfic 

diffei 

contn 

tre. 

Z* : 

ance of 
■ence, 

3l and 
ited 

P 

60 

None 



10/10 





60 

BAL 

20 

7/10 

1 67 

about 

02 

60 

BAL 

glucoside 

1000 

3/10 

7 90 1 

1 

<0 01 


stomach tube or m the diet, and they suffered 
severely from the local necrotic action of solu- 
tions injected mto the peritoneum or intra 
muscularly Larger and less resistant animals— 
VIZ , rabbits, were therefore used, m which 
haematological changes could convemently be 
taken as an mdex of lead poisomng (Flury, 1934, 
for review) The expenments were based part 
cularly on those of Aub, Rezmkoff, and Smith 
(1924a and b) in vitro and of Key (1923) in vivo, 
as they appeared to provide means whereby toxic 
effects of lead could be produced rapidly and 
reproducibly 

11 In vitro experiments Fragility of normal 
rabbit washed red cells 

The sigmoid curve relating thd percentage lysis 
to the loganthm of the salt concentration was 
found to be fairly constant m shape but to vary 
somewhat m position Vanation occurred from 
day to day in the same rabbit and between the 
mean values for different rabbits The former 
factor was the more conspicuous From deter- 
minations on 22 rabbits, the mean LyCSO was 
found to be 0 51 per cent with a standard deviation 
of the individual values of ± 0 042 per cent NaCl 
When the probit of the percentage lysis was plotted 
agamst the logarithm of the salt concentration, 
Imes with a slope (fc) of -20 to -30 were 
obtamed 

Fragility of red cells after exposure for one hour 
to lead acetate (9 pgPb per ml ) 

After exposure to lead acetate, the cells were 
more resistant to lysis by hypotonic saline As 
was found by Aub, Rezmkoff, and Smith (1924a), 
the change apparently affected mainly those cells 
which were m any case most resistant, as there 
was a much greater difference in the salt concen 
tration necessary to effect over 50 per cent lysis 
than in that to effect 10 or 20 per cent lysis 
Hence the fragihty curves - were flatter than 

normal, and the slopes of the transformed curves 

were m the region of —10 The reduction m 
the LyC50 vaned (Table II) and was apparently 
not related to the mitial value The effect was 
smaller if the fragihty was estimated half an hour 
instead of one hour after exposure to lead acetate 

Fragility of red cells after exposure for one hour 
to BAL 

After exposure to 22 7 jug BAL per ml , ® 

cells were shghtly more resistant to hypotoni^ 
haemolysis than normal In one or two expen 
ments m which 113 /ig BAL per ml were use 
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TABLE n 

The mean fragihty of rabbit red blood cells exposed 
to lead acetate and BAL 


Observatioa 

No of 
obser- 
vations 

Mean ± S E 
% NaCl 

SD of 
mdivi- 
dual 
values 

P 

Normal Lj'CSO 

LyCSO after lead ace- 

1 * 

jo 61±0 009 

1 ±0 042 

1 

— 

tate 9 /Ig Pb/ml 
LyC60 after BAL 

61 

0 36 ±0 010 

±0 008 

— 

22 7 /Ig /ml 

LjiCeO after lead ace-^ 
tate 9 /Ig Pb/ml -p 

6 

0 48 ±0 016 

±0 034 


BAL 22 7 /Ig /ml 
Mean difference, nor- 
mal and lead 

6 

0 48 ±0 017 

±0 038 


treated cells 

Mean difference, nor- 
mal and BAL 

61 

0 16±0 Oil 

±0 079 

<0 001 

treated cells 

Mean difference, nor- 
mal and BAL 4- 

5 

0 03 ±0 009 

±0 020 

<0 06 

lead treated cells 

5 

0 03±0 Oil 

±0 024 

<0 05 


The 50 per cent lytic concentrations OL.yC50) were 
determined graphically from sigmoid fragility curves 


♦Weighted mean of 54 observations on 22 rabbits 

the change was more obvious It was not accom- 
-panied by any appreciable change m the slope 
of the fragihty curve 

Fragility of red cells after exposure to lead 
acetate and BAL 

When BAL was added immediately after lead 
acetate (9 /ig Pb per ml ) the effects of lead on 
the shape and position of the fragihty curve were 
more or less prevented (Table 11) 1 13 /ig of BAL 
per ml (0 2 mols per mol of lead acetate) had 
no effect , 5 7 /ig /ml (1 mol per mol) pre- 
vented about 80 per cent of the effect , and 22 7 
/ig /ml (4 mols per mol) prevented it almost or 
quite completely The effect of lead acetate took 
some time to develop fully It was mcomplete 
at half an hour, and if BAL was added at this 
time, further development was prevented but there 
was very little reversal of the established change , 
this was so even if BAL was allowed to act for 
three hours or if BAL concentrations up to 20 
mols per mol of lead acetate were used 

Fragility of red cells after exposure to lead acetate 
and BAL glucoside 

Like BAL, solutions of BAL glucoside added 
immediately after lead acetate abohshed or 
reduced the lead effect Mol for mol the activity 
of the glucoside appeared to be of the same order 
as that of free BAL 

L 


Influence of normal rabbit plasma on the lead 
acetate-red cell system 

The results descnbed above suggested that 
inhibition of the effect of lead acetate on red cells 
might provide a much needed method for assaymg 
fairly small quantities of BAL m plasma The 
fragihty of normal red cells showed only small 
and variable changes when up to 18 per cent (v/v) 
of plasma was present in the reaction mixture, 
whether the plasma came from the same or a 
different rabbit As was found by Aub, Reznikoff, 
and Smith (1924a) plasma inhibited the effect of 
lead, but this inhibition was fairly vanable With 
9, 13 5 or 18 per cent (v/v) of plasma, usually 
about two-thirds of the effect of lead acetate was 
prevented, but values from 7 to 100 per cent 
were sometimes obtamed There was no obvious 
difference between the responses to plasma from 
the rabbit which had supphed the cells and those 
to plasma from other rabbits 

Influence of normal rabbit plasma and BAL on the 
lead acetate-red cell system 

When BAL and plasma were both added to the 
reaction mixture immediately after the lead 
acetate, there was always less inhibition of the lead 
effect than was produced by the similar amount 
of BAL alone Sometimes there was also less 
inhibition than that produced by plasma alone, 
particularly with the higher concentration of 
plasma (18 per cent (v/v)) and smaller concentra- 
tions of BAL (5 7 /ig /ml ) This smaller mhibihon 
occurred also if the BAL and plasma were added 
an hour after the lead acetate, or if the BAL and 
plasma were mixed half an hour before addition 
to the reaction mixture of red cells and lead 
acetate 

Influence of plasma from BAL treated rabbits on 
the lead acetate-red cell system 

Two rabbits were used m each experiment The 
first rabbit was bled (1 ml ) and mjected mtra- 
rauscularly with 50 mg /kg BAL m nut oil or in 
66 per cent (v/v) propylene glycol m water, or, 
m control expenments, with solvent alone Further 
1 ml samples of blood were taken half, tu'o and 
four and a half hours after mjection The samples 
were heparinized and centrifuged and the plasma 
was separated at once The anti-lead activity of 
the plasma so obtained was assayed on lead 
acetate-red cell systems prepared about the same 
time with cells from the second rabbit Sometimes 
the samples were re-assayed using other cells next 
day The results are given m Table HL There 
was, in general, not an increase but a decrease in 
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TABLE m 

ANTI-LEAD ACTIVITY OF PLASMA FROM RABBITS BEFORE AND AFTER INJECnON OF BAL 

The 50 per cent lytic concentrations were determined graphically from sigmoid fragility curves Figures in 
the four final columns are the percentages of the lead effect prevented by adding 0 1 ml plasma to 1 0 ml 
of cell suspension treated with lead acetate, 

(Plasma -t- lead) LyC50-Lead LyC50 
Normal LyC50-Lead LyC50 ^ 

Duplicate estimates on separate fragility systems are shown independently The final averages for BAL- 
treated and untreated rabbits are based on the mean values for each rabbit 


Experiment 

50% Lytic concentiations 

% of lead effect 
prevented by plasma 

Material 

injected 

Rabbit 

No 

Exp 

No 


*4" 

PbAct 

-t- PbACj + Plasma 

Before 

injec 

Hrs 

i 

after i 
2 

ijec 

4i 

Before 

injec 

Hrs 

i 

after in 
2 

jec 

4i 

BAL 50 mg /kg in nut oil 

43 

4a 

EBI 

0 29 

0 52 






70 

3 



— 


43 

4b 

0 48 

0 39 

0 46 

046 

0 43 

' — 

78 

78 

45 

— 




048 

0 35 

0 46 

0 46 


0 46 

85 

85 

54 

85 


48 

4d 

0 5^ 

0 25 

044 

028 


— 

61 

10 

3 

— 




0 55 

0 28 

0 41 

0:28 

— 

0 49 

48 

0 

— 

74 


52 

4g 

0 49 

0 35 

0 46 

044 

— 

— 

79 

64 

— 

— 




0 51 

0 30 



— 

0 40 

0 45 

— 

— 

48 

71 

BAL 50 mg /kg in nronv- 

49 

4/i 

048 

0 29 

0 43 

0 36 

— 

— 

70 

40 

— 

— 

lene glycol 



0 47 

0 34 

— 

— 

044 

0 41 



77 

54 

Average values for BAL-treated rabbits 






45 

71 

Nut oil 

48 

4/ 

0 55 

0 30 

0 52 

0 52 

^■1 

mm 

92-- 

92 


— 




0 55 

0 42 





0 50 

lifn 

— 

— 


38 




0 47 

0 37 

046 





lifn 

90 

— 

mm 

50 


51 

4g 

0 49 

0 35 

0 46 

0 46 

— 

■ifi 

79 

79 


— 




0 51 

0 30 



— 

0 39 

044 

— 

— 

43 

66 

Propylene glycol 

51 

4/1 

0 48 

0 29 

0 42 

0 40 



— 

70 

60 


— 




0 47 

0 34 

— 

— 

0 45 

040 

— 

— 

85 

46 

Average values for control rabbits 




m 

70 

66 

52 


the ailti-lead activity of plasma after BAL Much 
weight cannot be attached to this findmg, because 
some fall occurred also m the later samples from 
the control rabbits however, large changes were 
observed only m the post-BAL plasmas (e g , exp 
4a, 4d) and especially m the half-hour sample 
Such a change is consistent with the purely in vitro 
. findmg that small amounts of BAL can diminish 
the anti-lead activity of plasma In expenment 
4d, the effect of the plasma samples on the fragility 
of cells without lead was examined Neither the 
normal plasma nor the samples after BAL had any 
effect on the normal fragility The effect of the 
plasma therefore seems to be pn the lead rather 
than" directly on the cells 
Aub, Rezmkoff, and Smith (1924b) claimed that 
the extent to which plasma or serum prevented 
the effect of lead on red cells was parallel to the 
phosphate concentration of the plasma or serum 
The phosphate concentration of four sets of 


plasma, two from control and two from BAL- 
treated rabbits, were therefore estimated by a small 
scale modification of the Bnggs-Bell-Doisy 
method, usmg a Hilger Spekker absorptiometer for 
the colour intensity determmations A difficulty 
arose m that it was generally difficult to bleed 
rabbits by a single venepuncture when they bad 
been treated with BAL, and that in .samples 
obtained by allowing blood to dnp from the ear 
some haemolysis occurred and the plasmas were 
pink or red These plasmas gave a high phosphate 
content, presumably owing to phosphate liberate 
from damaged cells Excluding samples wi 
visible lysis, no change exceedmg ± 5 per cen 
in phosphate concentration was found in contro 
or BAL plasmas, although them anU-lead acUvity 
varied considerably No correlation, positive or 
negative, was observed between the presence o 
haemoglobin in plasma samples and the an 
activity 
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III In VIVO experiments Changes in untreated 
lead acetate poisoned rabbits 
The normal blood picture and coproporphyrm 
excretion of stock rabbits in this laboratory are 
summanzed m Table TV After a smgle dose of 


TABLE IV 

Blood picture and coproporphyrm excretion of normal 
laboratory rabbits 



S 

9 

Combined 

R B C X 10-®/cu.inm 

6 1±0 9 

6 9±0 4 

6 0±0 7 

Haemoglobin g /lOO ml 

14 3±1 7 

12 6±1 7 

IS-hil 8 

Haematocnt % 

41 6±0 3 

38 4±1 6 

39 8±1 2 

Reticulocytes per 1X)0 



RBC 

1 3±0 9 

1 7±1 3 

1 4±1 0 

Mean corpuseulcir haemo- 
globm concentration, 



ufig /ceU 

23 6 ±3 3 

21 6±3 2 

22 7 ±3 2 

Jtean corpuscular volume. 




cu ^ 

66 7 ±2 9 

66 3±1 7 

66 9 ±2 3 

Coproporphyrm excretion 
ug /day, unne 

4 1±2 6 

6 7±3 61 

4 8i3 1 

„ faeces 

6 1±4 7 

4 6±2 8 

4 8±3 9 


The values given are the mean and standard devia- 
tion of mdmdual values for nine male and seven 
female rabbits 


300 mg /kg (0 8 mM/kg) of lead acetate by 
stomach tube, anaemia, reticulocytosis, punctate 
basophiha, slight albuminuria, haemoglobmuria, 
and increased coproporphynn excretion were 
observed (Table V and Fig 1) The anaemia 
vaned m severity It was greatest about the 
third to sixth day, and recovery took three to six 
weeks The mean corpuscular haemoglobin 
concentration did not vary sigmficantly, though 
apparent high values tended to occur at the onset 
and low values appeared m the second week The 
reticulocyte count rose rather slowly and reached 
Its peak after about a week Punctate basophils 
were found roughly in proporUon to the number 
of reticulocytes present The red cell fragibty did 
not change as strikingly as in the rather similar 
experiments described by Aub, Rezmkoff, and 
Smith (1924a) In the present experiments changes 
of fragility were observed mainly in rabbits which 
developed the worst anaemia In these the fragility 
curve became flatter, with slopes of about -12, 
and the position of the LyCSO showed little change 
If anything it increased, though by not more than 
0 10 per cent NaCl, indicatmg that the cells were 
less resistant to hypotonic haemolysis The change 
in LyCSO did not exceed normal limits the 
flattening was similar to that observed in vitro, 
though less definite Haemoglobmuria, some- 
times sufiicient to produce a dark brown unne, 
occurred in the first two or three days, but no red 
cells were found in the unne The excretion of co- 


proporphyrm was greatly mcreased, mamly in the 
unne, -and continued for at least rune days m one 
rabbit quantities above normal were still found 
after three weeks Of the eight rabbits treated 
with lead acetate and no dithiol, three died In 

— u 

Ego 

■ 36 ? 


E u 

a> 3= 
cn 03 



Fig 1 — ^Acute lead acetate poisoning in rabbits 
Ordinates haemoglobin (Hb) g /lOO ml , reticu- 
locyte count (R) per 100 R.B C , coproporphynn 
excretion fig /day, UC, urinary, FC, faecal 
Abscissae, time in days from administration of lead 
acetate, 300 mg /kg , by stomach tube Values for 
haemoglobin and reticulocytes based on eight 
rabbits and for coproporphynn excretion on three 
rabbits 

one of these the haemoglobin fell by over half 
in the first day and its death on the second day 
was probably due to anaemia The other two 
died on the third and sixteenth days respectively, 
without gross anaemia or other obvious cause 

Changes in rabbits receiving only dithiols 

The actions of dithiols alone are being studied 
further and will be reported in detail separately 
The amount of BAL used in the present experi- 
ments caused transient haemoconcentration and 
occasionally a rise m reticulocyte count Other- 
wise the blood picture and red cell fragility v.ere 
unaltered Increased excretion of coproporphynn, 
or of a red fluorescent pigment which behaves 
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TABLE V 

INFLUENCE OF DITHIOLS ON THE EFFECTS OF LEAD ACETATE IN RABBITS 

The fall in RJB C , haemoglobin and haematocnt are calculated from the mean difference between two 
control values before treatment and values on the first and third days after administenng lead acetate 
The values given are the mean and standard error for all the rabbits in each group The coproporphynn 
excretion figures are those for the first three days after admmistration of lead acetate, and are based on 

2 or 3 rabbits in each group 


Lead acetate 300 mg /kg 
orally and dithiols 
mtramuscularly 

No 

of 

rab- 

bits 

No 

died 

Fallm 

RBC 

X 10-« 

Fall m 
Haemo- 
globm 
g /100 ml 

Fall 

m 

h’crit 

% 

■ 

Copr 

phyr 

-crel 

Mg/ 

Ur 

opor- 

inex- 

aon 

day 

Fc 

Signif 

ofdiffi 

fre 

untre 

ILBC 

t 

icance 
erence 
im 
a ted 
: fall 

P< 

No dithiol 

8 

3 

1 64±0 41 

4 23±1 07 

120 

++ 

45 

1 3 





BAL 50 mg /kg at 1 hr -1- 
25 mg /kg 8-hrly for 7 
doses 

■ 

2 

0 12±0 19 

019±0 63 

22 

Trace 

92 

m 

1 

1 

13 55 

001 

BAL glucoside 250 mg /kg 
at 1 hr + 125 mg /kg 
8-hrly for 7 doses 

1 

0 

1^3±0 44 

2 25 ±0 46 

11 5 

0 to ± 

50 


216 

01 

BAL ^ucoside 250 mg /kg 
at 1 and 5 hours 


0 

0 47±0 22 

1 02±0 37 

40 

0 to ± 


11 

9 85 

0 01 

BAL 25 mg /kg + BAL 
glucoside 125 mg /kg at 

1 hr -f BAL 12 5 mg /kg 
+ BAL glucoside 62 5 mg / 
kg 8-hrly for 7 doses 

1 

0 

0 52 

1 30 


0 to “h 

42 

98 



BAL glucoside 250 mg /kg 
at 21 hrs 4- 125 mg /kg 
8-hrly for 4 doses . 

1 

0 

2 60 

6 85 

175 

±± 

— 


— 



similarly, occurred consistently Assummg the 
pigment to be coproporphynn, the excretion after 
doses of BAL such as were used here was of the 
order of 12 to 20 fig /day BAL glucoside alone 
had no appreciable effect on the blood picture 
Its effect on porphynn excretion has not been 
studied 

Effect of dithiols in lead acetate poisoned rabbits 

Lead poisoned rabbits treated with BAL m a 
dosage of 50 mg /kg (0 4 raM /kg ) mtramuscu- 
larly one hour after the lead acetate followed by 25 
mg /kg every eight hours for two days — i e , to 
a total dosage of 200 mg /kg (16.mM/kg) 
developed very httle anaemia as long as BAL was 
bemg admmistered Later the anaemia increased, 
but the fall was less than in untreated animals 
(Fig 2) Reticulocytosis was smaller, and occurred 
earher than m rabbits receivmg lead acetate but 
no bAL This response was somewhat vanable 
and the difference may be due to chance The 
coproporphynn excretion was greater than in 
rabbits receivmg no dithiol,'but subsequently fell 
off more qmckly Although there was good pro- 
tection agamst the anaemia, the mortahty was not 
appreciably altered, as two rabbits of the four in 


C9 

>> ECO 


L'Si? 




Fig 2— Acute lead acetate poisoning 
treated with BAL Ordinates and 
abscissae as in Fig 1 BAL, 200 
mg /kg in all, given dunng first two 
days ^er lead acetate Values for 
haemoglobin and reticulocytes based 
on four rabbits and for copropor- 
phyrm excretion on thiw rabbits 
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this group died, on the fifth and twelfth days 
respectively 

Treatment with BAL glucoside (Fig 3) on a 
similar dosage system but with a total dosage of 
about 1,000 mg /kg (3 5 mM /kg) had only a 
shght and not significant effect on the anaemia 
However, when the BAL glucoside was given m 
two 250 mgVkg. doses one and five hours after 
the lead acetate, it was about as effective as BAL 



Fio 3 — ^Acute lead acetate poisoning treated with BAL 
glucoside Ordinates and abscissae as in Fig 1 
BAL glucoside, 1 ,000 mg /kg in all, given during 
first two days after lead acetate Values for haemo- 
globm and reticuloc 3 des based on three rabbits and 
for coproporphyrin excretion on two rabbits The 
line joining points enclosed by circles is for a group 
of four rabbits treated with BAL glucoside, 500 
mg /kg in all, given dunng the first six hours after 
lead acetate 

in delaymg the onset of anaemia Porphynn 
excretion and reticulocytes were not followed m 
the latter group In the former, as m BAL treated 
rabbits, the coproporphynnuria was greater and 
the rehculocytosis less than m those receivmg lead 
acetate alone Of a pair of rabbits treated with 
BAL and BAL glucoside, as suggested by Damelh 
et al (1946), one developed very httle and one 
considerable anaemia Both produced large 
amounts of coproporphynn One rabbit treated 
with BAL glucoside twenty-one hours after lead 
acetate, by which time anaemia was well 
developed, did not become more anaemic, but did 
not recover more rapidlv than those of the control 


group In all the dithiol treated rabbits, red cell 
fragdity changes occurred as m the controls — ^i e , 
only when there was fairly severe anaemia None 
of the eight rabbits treated with BAL glucoside 
alone died, nor did the two treated with BAL and 
BAL glucoside together 

Discussion 

In suitable concentrations BAL prevented the 
action of lead acetate on rabbit red blood cells 
in vitro If BAL was added half or one'hour 
after the lead acetate, the effect of BAL was small 
and consisted chiefly m preventmg the full develop- 
ment of the effect of the lead, not of significantly 
reversmg an estabhshed change m fragdity The 
rate of uptake of lead ions by red cells in vitro 
IS fairly slow (Behrens and Pachur, 1927 , 
Mortensen and Kellogg, 1944) m concentrations 
of the order of those used here, and, to judge 
from Mortensen and Kellogg’s data, corresponds 
quite closely with the development of the fragdity 
change The action of BAL therefore appears to 
be one of mactivatmg lead ions not yet taken up 
by cells, rather than of actual de-leadmg cells or 
altering the cell lead so as to prevent its fragility 
effect There is certainly no reversal of poisomng 
comparable to that which occurs with arsemcals 
— e g , of pyruvate oxidase by lewisite (Stocken 
and Thompson, 1946) Further experiments are 
bemg conducted to see what effect BAL has on the 
uptake of lead by red cells m vitro and in vivo 

Plasma, like BAL, prevented the effect of lead 
acetate m vitro However, the combination of 
BAL and plasma, particularly in the proportion of 
30-60 fig BAL per ml of plasma, was less effective 
than either alone, and a simdar reduction m plasma 
anti-lead activity occurred in vivo after the injec- 
tion of large doses of BAL How this happens 
IS not known It has been suggested that lead 
IS taken up by plasma as inorganic phosphate 
(Aub and Reznikoff, 1924 , Brooks, 1927), or as a 
double phosphate of lead and calcium (Bischoff 
and Maxwell, 1928 , Maxwell and Bischoff, 1929 , 
Jowett, 1932), or as an orgamc complex, probably 
with albumm (Teismger, 1935) or citrate (Kety, 
1941) In the present expenments the altered 
plasma anti-lead activity, which presumably reflects 
the capacity of the plasma to combine with lead, 
was not related to changes m inorganic phosphate 
content Beyond that the mechanism has not been 
studied 

Interpretation of how BAL acts in vivo depends 
on the view taken of the mechanism of the lead 
anaemia (Cantarow and Trumper, 1944 , Flury% 
1934) In the present experiments the initial 
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anaemia was clearly haemolytic, because of the 
rapidity of the fall and the appearance of haemo- 
globin m the urme The tendency of the mean 
corpuscular haemoglobm concentration towards 
high values at this stage was probably an artefact 
due to the presence of haemoglobm m the plasma 
The present observation that changes m fragihty 
were most defimte m rabbits with the severest 
anaemia is consistent with Aub, FairhaU, Mmot, 
and Reznikoffs hypothesis (1925) that the primary 
change is m the red cell It does not follow that 
the anaemia of chrome plumbism has the same 
origin, and, m fact, the known changes m the bone 
marrow and the mcreased porphyrin excretion 
cannot be accounted for on this basis (Duesberg, 
1931 , Flury, 1934) particularly as there is no 
evidence of abnormal conversion of circulatmg 
haemoglobin to coproporphyrin (Bjorkmann, 
1941 , Kark and Meiklejohn, 1941) As mcreased 
coproporphyrm excretion occurred m the present 
experiments disturbances of blood formation as 
well as blood destruction were probably mvolved 

In these circumstances the effects of BAL are 
unhkely to be simple Clearly BAL prevents the 
acute haemolytic anaemia as long as BAL is avail- 
able m the circulation This is comparable with 
Its action in vitro and may be similarly attributed 
to prevention of the upt^e of lead ions by red 
cells Experiments now m progress on the effect 
of BAL on lead distnbution In vivo have lent sup- 
port to this hypothesis On the other hand, certain 
features of lead poisonmg are enhanced, notably 
the coproporphyrm excretion and possibly the 
speed of the reticulocyte response Both these 
effects can be produced by BAL alone, but the 
coproporphyrm output is considerably more than 
can be accounted for by simple addition of BAL 
and lead effects 

The actions of BAL glucoside are on the whole 
sinular, though the mefficacy of the glucoside 
given m a course comparable with that used m 
the BAL expenments is not immediately exphe- 
able Possibly this very water-soluble substance 
IS excreted very rapidly As the in vitro experi- 
ments with BAL suggest that the protection of red 
cells IS mainly prophylactic, a sustamed high con- 
centration of thiol at an early stage would be im- 
portant, and the shorter and more mtensive course 
would be more hkely to be effective 

The number of rabbits used was too small for 
the mortality figures to be significant, though it 
IS worth notmg that all the BAL glucoside treated 
rabbits survived BAL treatment apparently did 
not save Me, but there was no evidence that it 
mcreased the mortality as might have been 
expected, since the doses used were at the upper 


limit of tolerance and those of lead acetate were 
withm lethal hmits These expenments differed 
from those of Braun et al (1946) m that BAL was 
given m a shorter and more mtensive course at an 
earlier stage of poisonmg The only observation 
made here which might relate to the mcreased 
mortahty described by Braun et al is that of the 
dimimsbed plasma anti-lead activity Assuming 
that this reflects a diminished affimty of the plasma 
for lead, it may account for larger^ amounts of 
lead bemg free to act at some more susceptible 
site But there is no evidence as to what this site 
may be, or whether the e'ffect has any relevance 
at all to the combmed actions of lead and BAL 
Unfortunately it is nOt known whether BAL 
glucoside has a similar action on the plasma 
Expenments on this question have been prevented 
by lack of achve preparations of the glucoside 
The action of BAL m preventing the effects of 
acute mtoxication with lead, and perhaps in pro 
duemg some other fatal effect, and the prevenhon 
of poisomng by BAL glucoside are strongly 
reminiscent of their respective actions m cadmium 
poisonmg (Gdman, Philips, Allen, and Koelle, 
1946) and suggest further work on such hues The 
actions of BAL m chrome lead poisonmg and 
with reference to the distribution of lead m the 
organism require further study The available evi 
dence does not warrant the use of BAL m chmeal 
plumbism, but it would perhaps be premature to 
reject all dithiols as useless or dangerous It is 
also possible that they wiU throw further hght 
on the still poorly understood mechanisms of lead 
poisomng 

Summary 

1 In mice poisoned by repeated mtrapentoneal 
mjections of lead acetate the mortahty was reduced 
shghtly by BAL and significantly by BAL 
glucoside 

2 In vitro BAL and BAL glucoside prevented 
the decrease in the fragdity of washed erythrocytes 
due to lead acetate If the lead was added much 
before the thiol, the effect of the lead was scarcely 
at all reversed 

3 Mixtures of BAL and plasma m certam pro 
portions, and plasma from rabbits injected with 
BAL, protected washed erythrocytes from the 
effect of lead acetate less than did equal amounts 
of BAL or plasma alone 

4 In rabbits poisoned by a single dose of Iwi 
acetate given by stomach tube BAL and B^ 
glucoside each sigmficantly decreased the subse , 
quent anaemia and mcreased the coprojforphyrm- 
una The mortahty was apparently unaffected y 
BAL, but was reduced by BAL glucoside t e 
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number of rabbits was too small for this difference 
in mortahty to be significant 

5 The significance of these findmgs is discussed 

I am most grateful to Prof J H Gaddum for his 
advice and encouragement My best thanks are due 
to Prof R A Peters and Prof R H S Thompson for 
two gifts of BAL , to Mr J R P O’Brien fpr a gift 
of a standard solution of coproporphynn I and for 
much helpful instruction m the estimation of por- 
phynns , to Dr Helen N Duke for performing the 
oxygen capacity determmations by which the haemo- 
globm estimations were standardized , and to Miss 
Jean Tulloch and Miss Irene Munro for technical 
assista'nce and care of the rabbits The expenses of 
the research were defrayed by the Medical Research 
Council, to whom I am also mdebted for a personal 
grant durmg the tenure of which this work was started 
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After the introduction of prontosil and sulphanil' 
amide for the treatment of streptococcal mfechons, 
much mterest was taken in the use of sulphon- 
amides and 4 4'-diammodiphenylsulphone for the 
treatment of tuberculosis m gumea-pigs For 
example, Rich and FoUis (1938) showed that 
sulphanilamide exerted a strikmg effect (as judged 
by such cntena as spleen size, and distribution and 
extent of lesions) on such an infection, but it was 
not until four years later that Feldman, Hinshaw, 
and Moses (1942) usmg the N N'-bis-sodium 
_ dextrosebisulphite derivative of 4 4'-diaimnodi' 
phenylsulphone (promin) were able to demonstrate 
a defimte difference in survival times between 
groups of treated and control animals We had 
begun the work reported here on sulphones as 
possible antituberculous drugs m 1942, and when 
the paper by Feldman et al appeared we were 
encouraged to proceed further along these hnes, 
But it seemed to us unlikely that improved drugs 
would be found among solubilized forms of 
4 4'-diaminodiphenylsulphone of the type repre- 
sented by promin and diasone (which m all 
probabihty owe their activity to breakdown in vivo 
to the parent sulphone, with its known risk of 
serious toxicity), and it was our mtenhon to 
examme sulphones of as widely diffenng chemical 
types as possible No rapid and simple screening 
te^ for selectmg compounds active in vivo was 
available when the work started, and we were 
forced to rely upon an in vitro method, although 
the limitations of this approach were fully realized 
at the tim e To anticipate the mam conclusion of 
the present report, it may be said at once that when 
a convenient in vivo method became available 
(Martm, 1946) the determination of m vitro activity 
was shown to be a completely unrehable guide 
for the discovery of compounds with activity in 


VIVO This conclusion is in accordance with 
current opmion among other workers (see, eg, 
Feldman and Hmshaw, 1945) 

Experimental Methods 

In vitro — Each compound was finely ground with 
a small quantity of “ Dispersol OG ” and diluted with 
water to give a final concentration of drug of 1 100 
Further dilutions (1 300, 1 900, etc) were prepared 
from this and 0 5 ml of each dispersion added to 
4 5 ml amounts of Long’s synthetic medium contain 
mg 1 5 per cent of agar, to give final concentrahoas 
of compound as follows 

Serial number of tube 1, 2, 3, etc 

Fmal concentration of 

compound 1 1,000, 1 3,000, I 9,000 

The medium was allowed to sohdify with the tubes 
shghtly mchned, and each tube was sown with a 
small particle of a culture of the H37 stram of 
“ human ” tubercle bacilh on Lowenstem’s medium 
Care was taken that all particles were as nearly as 
possible of the same size Tubes were mcubated m 
a moist atmosphere for 14 days at 37° C and the 
degree of growth assessed by companson with that 
m control tubes The in vitro activities of the com- 
pounds in aU the following tables are quoted as ‘in 
vitro mdices " which were arrived at as follows The 
senal number of the last tube m 'which no growth 
took place IS recorded as the first figure of the index , 
the second figure of the mdex is the senal number of 
the first tube m which full growth occurred The 
index “ 4/6 ” would therefore indicate that the com 
pound in question completely inhibited growth (under 
the conditions descnb^) m the fourth tube (ie, at 
a concentration of 1 27,000) and had no inhibitory 
action whatever m the sixth tube (Le , at a concentra- 
tion of 1 243,000) The majonty of the compounds 
listed m the following tables were tested at least twice 
and the mdices found to be reproducible Similar 
limitmg concentrations for complete inhibition of 
growth and complete absence of inhibition w^ 
found for a number of the more active compounds 



CHEMOTHERAPY OF TUBERCULOSIS SULPHONES 


147 


using Long’s Uquid synthetic medium m which the 
organism was allowed to grow as a peUicle 

In VIVO — ^Therapeutic tests were earned out on 
groups, each of 24 mice, infected mtravenously with 
1 mg. of “human” tubercle bacilh (strain 905) 
Details of the method have been published (Martin, 
1946) The exammation of each substance was pre- 
ceded by a chrome toxicity test extendmg over a 
penod of three weeks The mice were selected and 
randomized as desenbed for the therapeutic test Each 
compound was given at a range of doses usmg 12 
animals for each dose level, and each group was 
weighed at weekly mtervals The dose chosen for 
the therapeutic test was the highest which permitted 
normal growth, and on which the animals appeared to 
be m good condition It was not always possible to 
choose this dose with full confidence, and m such 
cases one or more smaller doses were also given 
Doses are quoted m the tables as mg per 20 g mouse, 
and were admimstered orally twice daily for five days 
and once on Saturdays The first dose was given 
shortly before infection and dosmg contmued until 
the first specific death occurred m the control group — 
1 e , for about 14 days m most cases In the tables 
of therapeutic results the column headed “Increased 
mean survival time ” gives the difference between the 
mean survival times of treated mice and untreated 
control animals The column headed “ Increase 
required for significance” gives the time mcrease 
which would be necessary for statistical significance 
at the level P=0 05 If the figure m the first of these 
columns is positive and exceeds the value m the second 
column, the compound shows m vivo activity Nega- 
tive values equal to or greater than the “required 
mcrease ” mdicate that the toxicity of the drug has 
had a significantly adverse effect on treated mice 
Values of magmtude approachmg that required for 
significance (positive or negative) may be expected 
to anse through the operation of small uncontrolled 
vanables once m twenty tunes, although the com- 
pound has no influence on the mfecUon That the 
test will detect activity in vivo is shown by the results 
for 4 4'-diammodiphenylsulphone (No 371) and 2 4'- 
diammo - 5 - thiazylphenylsulphone (No 4879) (see 
Table XXni) 

Blood level concentrations — Only those compounds 
carrymg aromatic ammo groups were esbmated De- 
tails of the method used m these laboratories, for the 
determmation of blood concentrations after the oral 
admmistration of such compounds, have been de- 
scribed previously (Martm, Rose, and Bevan, 1943) 
The method is based upon diazobzation and couplmg 
to form an azo colour 

Results 

It had been obsers'ed that the activity in vitro 
of diphenylsulphone itself (mdex 1/5) was not 
greatly different from that of 4 4'-diaminodi- 
phcnylsulphone (index 2/5) It was therefore per- 
missible for the purpose m hand to disregard the 


substituent ammo groups of diammodiphenyl- 
sulphone and attempt to find some combmation of 
hydrocarbon residues which, united by the sul- 
phone link age, would possess higher mtnnsic 
activity It was, of course, realized that such a 
compound would be unlikely as such to be effective 
in VIVO and the next step envisaged was the mtro- 
duchon of groups such as ammo, methoxy, etc , 
which It was thought might confer appropnate 
pharmacological properties on the new parent 
sulphone structure In Table n below are hsted 
sulphones representmg the various possible 
combmations of the groups phenyl, p-tolyl, 
4-diphenylyl, a- and /3-naphthyl, cyclo-hexyl, and 
cyc/o-pentyl Highest activity seems here to be 
associated with hydrogenated cychcal nuclei, and 
further sulphones contammg cyclo-alkyl and alkyl 
residues were tested These are hsted m Tables 
in, TV, V, and VI The high mdices shown by 
phenyl-, p-tolyl-, and p-n-butylphenyl-alkylsul- 
phones (conta ining aUcyl residues with 5 to 8 
carbon atoms) seemed sufficiently marked to war- 
rant the undertakmg of the second part of the 
mvestigation, namely the mtroduction of further 
substituents mto selected parent sulphones From 
the Tables VH, Vin, X, XI, and XH it will be 
seen that the mtroduction of a single ammo, 
alkoxy, or hydroxy group mto the aromatic nng 
of such sulphones doesiiot alter the in vitro mdex 
greatly The /3-diethylammoethylamino group, 
however, reduces in vitro activity (Table IX), as 
does the presence of two methoxy groups (Table 
Xni) The presence of amino groups m some of 
these compounds made it possible to estimate them 
readily and the concentrations which were attamed 
in the blood of mice after oral admmistration of 

TABLE I 

Blood concentrabons attamed after oral administration 
of maximum tolerated doses of various /n-amino- 
p-tolylalkylsulphones 

CH, 





Blood concentrations 

Num- 


Dose 

(mg /1 00 ml ) at time 

ber 

R 

ma /20 p 

after dosing 



mouse 

1 hr 

2 hr 

4 hr 

3631 

methv] 

5 

SO 

82 ) 

1 40 

3630 

n-propyl 

i 5 

: 55 

32 

1 16 

3622 

«-am^l 

J 5 

21 

1 6 

1 I 0 

2972 

n-hcpt>l 

1 


i 0 

I 1 

i ~ 

j 
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maximum tolerated doses were measured Thbse 
compounds which have small alkyl groups were 
well absorbed, though somewhat rapidly excreted 
With mcreasmg size of alkyl group, the maximum 


TABLE ir 

(a) Phenylsulphones ^ ^ SO^R 


Number 

R 

In vitro index 

1645 

phenyl 

1/5 

2651 

p-tolyl 

<1/6 

2653 

4-diphenyly] 

1/3 

2692 

oc-naphthyl 

<1/6 

2693 

P -naphthyl 

<1/4 

2763 

cyc/bpentyl 

2/4 

2671 

cyc/ohexyl 

3/6 


(/))p-To]yIsulphones CHa-^ 

^SOaR 

2599 

1 

p-tolyl 

<1/4 

2601 

4'diphenylvl 

<1/1 

2624 

a-naphthyl 

<1/6 

2625 

P-naphthyl 

<1/1 

2603 

cyc/opentyl 

2/5 

2602 

cpciohexyl 

3/6 

3113 

1 

4'methylcyc/ohexyl 

3/6 

(c) 4-Diphenylylsulphones ^SOaR 

2600 

4'diphenylyl 

<1/4 

2626 

a-naphthyl 

<1/5 

2620 

P-naphthyl 

<1/1 

2627 

cyc/opentyl 

1/6 

2617 

cyc/ohexyl 

<1/5 

id) a- and P-Naphthylsulphones 


2628 

(a) cyc/opentyl 

2/ >6 

2618 

(a) cyc/ohexyl 

3/ >6 

2621 

(P) cvcJopentyl 

3/8 

2619 

(P) cyc/ohexyl 

3/ >6 

(e) Di-o e/oalkylsulphones 

^^SOiR 


2747 

cyc/opentyl 

2/5 

2723 

cyc/ohexyl 

2/6 


concentration reached m the blood decreased 
rapidly This is illustrated for the m-aimno-p- 
tolylaUcylsulphones (Table I) 

While the work described above was in progress, 
attempts were also bemg made to obtam com- 
pounds more effective than 4 4'-diaminodiphenyI- 
sulphone by replacmg the ammo groups by other 
substituents Attention was concentrated on these 
compounds (Tables XIV and XV) rather than on 
phenylalkylsulphones when it was realized that 
members of the aminophenylalkylsulphone senes 
having an alkyl group large enough to confer high 
activity m vitro were so poorly absorbed that high 
activity m vivo was most unlikely A further 
development of this aspect was the preparation of 
heteroarylphenylsulphones (Table XVI), mterest m 
which was first aroused by reports by Feldman, 
Hmshaw, and Mann (1944) on the activity 'of 
promizole (2 4'-diamono-5-thiazyIphenylsulphone, 
correspondmg to our compound No 4879) against 
a tuberculous infection m gumea-pigs As a final 
variation the effect of replacing the sulphone link- 
age Itself by other related linkages was examined 
The linkages chosen were the sulphomc ester 
(-SOjO-) and sulphonamide (-SO^NH-) group- 
ings and compounds correspondmg to both 
phenylalkyl- and diphenyl- sulphones were 
examined (Tables XVn to XXI) Several of the 
phenylalkane and phenylbenzene sulphonates have 
very high in vitro mdices, while those of the 
N-alkyl- and N-pbenyl- benzenesulphonamides 
are about the same as those of the corresponding 
sulphones 


TABLE in 


Phenylalkylsulphones \ SOjR 


Number 

R 

In vitro index 

2892 

methyl 

<1/3 

2891 

ethyl 

<1/4 

2760 

n-propyl 

1/4 

2758 

isopropyl 

1/4 

2845 

n-butyl 

3/ >6 

2846 

imbutyl 

2/5 

2842 

2849 

I'methylpropyl 

w-amyl 

2/6 

2952 

/joamyl 

3/6 

2839 

2-methylbutyl 

3/6 

2843 

n-hexyl 


2860 

4-methylamyl 

51 >8 

2672 

n-heptyl 

4/9 

2844 

n-octyl 

5/8 

2967 

77-dodecyl 

<1/1 
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TABLE IV 

(a) /i-Tolylalkylsulphones CHj ^ y SO.R 


1 

Number 

R 

In vitro index 

2988 

methyl 

1/5 

2759 

/z-propyl 

2/5 

2764 

zxopropyl 

1/4 

3001 

n-amyl 

5/8 

2650 

zz-heptyl 

5/>6 

2673 

/z-dodec}'l 

<1/3 


( 6 ) p-n-Butylphenylalkylsulphones /z-CjHg^ ^SQ.R 


TABLE Vm 


p-Alkyl-wz-aminophenylalkylsulphones R\^^ ^SO.R' 

NH; 


Number 

1 

R 

i 

R' 

In Vitro 
index 

3631 

1 I 

methyl 

methyl 

<1/5 

3630 

methyl 

zz-propyl 

2/5 

3622 

methyl 

/z-amyl 

5/8 

2972 

methyl 

n-heptyl 

4/7 

3558 

zz-bu^l 

n-propyl 

4/>8 

3664 

zz-butyl 

n-amyl 

4/8 

3889 

1 /7-butyl 

1 

/joamyl 

5/8 


3403 

methyl 

2/8 

3404 

/z-propyl 

5/>8 

3405 

zz-amyl 

6/>8 

3817 

zwamyl 

5/>8 

3406 

n-heptyl 

2/8 

TABLE V 


a- and P-Naphthylalkylsulphones 



Number 

R 

In vitro index 

2840 

(a) n-propyl 

3/>6 

2654 

(ff) zz-heptyl 

2/>6 

2652 

(P) zz-heptyl 

1/6 


TABLE VI 

Dialkylsulphones R-SO^-R' 


Number 

R 

R' 

In vitro 
mdex 

2858 

Cl c/opentyl 

zz-heptyl 

4/>8 

2762 

Cl c/ohexyl 

zz-propyl 

215 

2722 

cyc/ohexyl 

zz-heptyl 

4/>6 

2761 

c} c/ohexyl 

zz-dodecyl 

< 1/1 

2942 

zz-heptj I 

n-heptyl 

< 1'>6 

1 


TABLE Vn 


p-Aminophenylalkjlsulphones NH. 




SO.R 


1 

Number 

R 

1 

In 1 itro index 

3134 

methyl 

<1/3 

3373 

n-propyl 

1/5 

5505 

isopropyl 

1/4 

1080 

n-amyl 

2/6 

3808 i 

zsoam>l 

1/4 

3914 i 

2 -methj Ibutj 1 

i 2'5 

3910 

Cl c/open tj 1 . 1 

1/4 

3082 

n-hept>l 1 

4'6 


TABLE K 


p-P-Diethylaminoethylammophenylalkylsulphones 

(QHt);N(CHa).NH ^''~^ SO;R 


Number 

R 

In Mtro index 

3160 

methyl 

<1/3 

3114 

zz-amyl 

<1/3 

3110 

n-heptyl 

2/5 


TABLE X 

CH3O 


AnisylalkylsuJphones 


SO.R 


Number 

Position of 
methoxyl 
group 

. R 

In Mtro 
index 

3717 

0 

methyl 

1/4 

3740 

m 

methyl 

<1/5 

3458 

p 

methyl 

<1/4 

3718 

0 

n-propyl 

1/4 

m9 

m 

n-propyl 

2/5 

3459 

p 

n-propyl 

3/7 

3721 

0 

n-amyl 

3/6 

3804 

m 

zz-amyl 

4/8 

3479 

P 

n-amyl 

5/>8 

3938 

P 

zsoamyl 

4/8 

3722 

0 

n-heptyl 

4/7 

3209 

P 

n-heptj 1 

4/8 


TABLE XI 


p-Alkoxyphenylalkylsidphones 



Number 

1 

1 

1 

R 

R' 

{ In j itro 

1 index 

) 

3465 

n-propyl 1 

meth> 1 

3-7 

3486 

n-prop> I 

1 n-propjl 

4 >8 

3520 

n-propj 1 

n-am>l 

4 >8 

3522 

zz-amj 1 j 

n-amyl 

4 >S 
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TABLE Xn 


TABLE XV 


Hydroxyphenylalkylsulphones ^ ^ SOjR Miscellaneous Diphenylsulpliones\^ 


Number 

Position of 
hydroxyl 
group 

R 

Jn vitro 
mdex 

3460 

P 

methyl 

1/4 

3478 

P 

/i-propyl 

1/5 

3745 

0 

«-amyl 

4/6 

3805 

m 

n-amyl 

4/8 

3494 

p 

«-amyl 

4/7 


TABLE Xin 


Dimethoxyphenylalkylsulphpnes 



Number 

Positions of 
methoxyl 
groups 

R 

In vitro 
mdex 

4031 

2 4 

methyl 

<1/3 

4032 

2 5 

methyl 

<1/3 

4092 

2 4 

«-propyl 

1/3 

4093 

2 5 

n-propyl 

1/5 

3896 

2 4 

rt-amyl 

2/6 

3895 

2 5 

//-amyl 

1/5 


TABLE Xrv 


4-Aminodiphenylsulphones 


a b 

nh.^^so.<3 


Num- 

ber' 

Substituent(s) 
in nng a 

Substituent 
in ring b 

In \itro 
mdex 

3384 

o-amino 

p'-methoxy 

<1/4 

3535 

o-ammo 

p'-hydroxy 

-1/6 

4326 

3 4-dimethoxy 

none 

1/3 

3336 

p-methoxy 

p'-methoxy 

<1/4 

3236 

2 4-dimethoxy 

none 

<1/5 

3491 

2 4-dimethoxy 

p'-methoxy 

<1/5 

3335 

p-hydroxy 

p'-hydroxy 

3/6 

3402 

2 4-dihydroxy 

none 

3/6 . 

3537 

2 4-dihydroxy 

p'-hydroxy 

3/5 

3441 

2 4-dimethoxy 

p'-chl6ro 

<1/4 

3551 

2 4-dihydroxy 

p'-chloro 

318 

3433 1 

p-chloro j 

p'-ch?oro 1 

<1/5 


TABLE XVI 


Heteroarylphenylsulphones R-SOjR' 


Num- 

ber 

R 

R' 

In Mtro 
mdex 

2719 

8-qumolyl 

phenyl 

<1/1 

2745 

6-qumolyl 

phenyl 

3/6 

2695 

8-qumolyl 

p-tolyl 

<1/4 

2694 

6-qumolyl 

p-tolyl 

<1/6 

4879 

5-{2-aminothiazyl) 

p-ammophenyl 

1/2 

5163 

5 -{ 2 -ammothia 2 yl) 

p-tolyl 

<1/2 


5-(2-ammo-4- 

methylthiaiyl) 

p-ammophenyl 

2/5 

5445 

5-(2-ammo-4- 

methylthiazyl) 

p-chlorophenyl 

3/6 



Substituent(s) m rmg b 

In vitro mdex 

2269 

none 

2/5 

2630 

p'-methyl 

1/5 

3385 

p'-methoxy 

<1/4 

4577 

p'-chloro 

<1/7 

3521 

p'-hydroxy 

<1/6 

5405 

p'-p-diethylammo- 

ethylainmo 

<1/4 

3239 

2 4-dmiethoxy 

<1/6 

3624 

3 5-dimethoxy 

<1/5 

4286 

2 4-dihydroxy 

4/7 

2790 

2 5-dihydroxy 

2/4 

3686 

3 5-dihydroxy 

2/6 

371 

p'-ammo 

2/5 


TABLE XVn 


Phenylalkanesulphonates R-SOjOR' 



1 

R 

R' 

In Vitro 
mdex 


methyl 

p-amsyl 

</6 

4161 

methyl 

p-hydroxyphenyl 


3723 

7i-amyl 

/n-anisyl 

4/>o 

3744 

//-amyl 

p-amsyl 

5/>8 

3737 

n-amyl 

/n-hydroxyphenyl 

5/>8 

3783 

//-amyl 

p-hydroxyphenyl 

5l>i 

3983 

/joamyl 

p-hydroxyphenyl 

4I>^ 

4/8 

4088 

fmamyl 

p-ammophcnyl 
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TABLE XYHI 

Phenyl sulphanilates p-Aminophenyl 
a b 


benzene' 


sulphonates ^SOaO«^ ^ , 


Number 

Substituent 
m ring a 

Substituent 
m rmg b 

In vitro 
index 

3898 

p-ammo 

none 

2/5 

3997 

p-amino 

o'-ammo 

2/5 

4089 

p-ammo 

m'-ammo 

<1/4 

3998 

p-amino 

■ p'-ammo 

<1/5 

3616 

p-amino 

p'-methoxyl 

<1/3 

4409 

p-ammo 

m'-hydroxy 

4/6 

4590 

p-amino 

p'-hydroxy 

3/5 

4587 

p-ammo 

p'-cfiloro 

4/6 

4090 

m-ammo 

p'-ammo 

<1/5 

4315 

o-ammo 

p'-ammo 

3/5 

4144 

p-methoxy 

p'-ammo 

<1/4 

4197 

p-chloro 

p'-ammo 

618 


TABLE XIX 

Miscellaneous Phenyl benzenesulphonates 
a b 




Number 

Substituent 
m ring a 

Substituent 
m rmg b 

In vitro 
index 

4211 

none 

m'-methoxy 

4/7 

3233 

none 

o'-hydroxy 

4/6 

4091 

m-ammo 

o'-ammo . 


4314 

o-ammo 

o'-ammo 


3617 

m-ammo 

o'-methoxy 


3899 

m-ammo 

m'-methoxy 


4099 

m-ammo 

p'-methoxy 


4142 

p-methoxy 

o'-ammo 

I <1/7 

4143 

p-methoxy 

oi'-ammo 

3/5 

,3900 

p-methoxy 

m'-methoxy 

4/6 

3901 

p-chloro 

m'-methoxy 

5/6 

j 


TABLE XX 

N-Alkylbenzenesulphonamides ^ SOiN 


\R' 


Num- 




In 

ber 

R 

i 

R' 

vitro 

index 

2831 

methyl 

//-butyl 

H 

3/6 

2985 

methyl 

//-amyl 

H 

4/7 

2984 

methyl 

//-heptyl 

H 

5/6 

2829 

methyl 

ethyl 

ethyl 

3/6 

2827 

methyl 

pentameth>lene 

2/>6 

2990 

methyl 

//-amyl 

methyl 

4/7 

2836 

methyl 

//-butyl 

//-propyl 

4/7 

2992 

methyl 

n-heptyl 

methyl 

416 

4682 

methyl 

dieth> lammocthyl 

ethyl 

<1/2 

4735 

ammo 

ethyl 

ethyl 

1/4 

3241 

ammo 

amyl 

H 

2/6 

4730 

ammo 

dicth> lammocthvl 

ethyl 

<1/1 


TABLE XXI 


Phenyl benzenesulphonamides R^ ^ 


SO.NH 




R 

R' 

In vitro mdex 

2480 

ammo 

H 

<1/4 

6419 

H 

H 

3/6 

6418 

methyl 

H 

3/7 


H 

methyl 

<1/7 

6417 

methyl 

methoxy 

1/7 

6416 

methyl 

chloro 

4/8 


Turning to the results of therapeutic tests, 10 
new compounds were selected on the basis of lugh 
in vitro activity 4 4'-Diarrunodiphenylsulphone 
and No 4879 (which corresponds to promizole) 
were also mcluded Before carrymg out these 
tests, sue of the compounds whose constitutions 
lent themselves to the method of analysis were 
given orally to mice at maximal doses and the 
blood concentrations deterrmned (Table XXII) 


TABLE XXn 

Blood concentrations attained after oral administration 
of maximum tolerated doses to mice 



See 

Table 


Blood concentrations (mg / 

Number 

mg /20 g 

100 ml ) at time after dosing 


mouse 

1 hr 

2 hr 

4 hr 

371 

XIV 

3 

32 

3 1 

28 

4286 

XIV 

5 

12 2 

45 

09 

4879 

XVI 

10 

10 0' 

9 1 

69 

5106 

XVI 

5 

9 1 

10 0 

75 

4197 

xvin 

8 

20 

1 5 

1 5 

4409 

xvm 

9 

69 

36 

I 4 


We could not be sure that some of the remaining 
compounds were absorbed to any appreciable 
extent because no method of analysis was avail- 
able for them and mice tolerated, without gross 
toxic effects, relatively large doses Certain others 
were defimtely absorbed because small doses were 
toxic to mice, but we have no knowledge of the 
blood levels corresponding to these doses The 
results of therapeutic tests are hsted m Table 
XXm As would be expected, activity' was found 
with 4 4'-diammodiphenyIsulphone (No 371) and 
with 2 4'-dianuno-5-thiazylphenylsulphone (No 
4879) No actiMtv was observed with am of the 
others 
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TABLE XXni Summary 

Therapeutic Tests in Mice 24 mice in each group, _ i 'ru„ „ i ^ i. 

infected intravenously and treated orally ^ testing of a large number of sulphones 

and related sulnnonates and sulnhonamides airainst 

Number 

See 

Table 

Dose 
mg /20 g 

Increased 
mean sur- 
vival time 

Mycobacterium tuberculosis in vitro is recorded 

Increase re- 

quir^ for 2 Therapeutic' tests m mice have shown that 

significance activity does not necessanly lead to 

3938 

3983 

X 

xvn 

40 

3 0 

-1 8 
-07 

] 9 activity m vivo 

1 9 

2985 

XX 

1 0 

25 

50 

-07'1 
+ 03 ^ 

-0 6j 

Chemical papers referring to the methods of pre 

1 15 paraUon of the compounds mentioned here (where 

these are not already weU known) have appeared 

371 

xrv 

r 

I 0 

20 

30 

40 

+ 1 11 
+22 1 1 
+ 19j 
+2 5 

(Burton and Hoggarth, 1945 , Hoggartn, 1947) Some 
of the compounds listed were onginally submitted by 
^ ° Dr Burton, of the University of Leeds, for general 

j 7 antibaclenal exammation Our thanks are due to 

him and also to Miss M Scott of these laboratones 

4286 

xrv 

5 0, 

0 

2 0 for help with the preparation of some of the larger 

5405 

XIV 

0 1 

025 

+031 

-03/ 

j g statistical assessment of the therapeutic expermients 

was earned out by Dr O L Davies, of our Statistical 

4879 

XVI 

1 

25 

50 

50 

+081 

+22/ 

Department 

1 8 

^ References 

5106 

XVI 

10 

25 

+011 

+02/ 

, „ Burton, H , and Hoggarth, E (1945) J chem Soc , (a) U, 

‘ ° (b) 486 , , 

Feldman. W H , and Hinshaw, H C (1946) Aintr Rev 

5445 

4197 

3901 

4409 

XVI 

XVUI 

XDC 

XVIU 

10 0 

80 

10 0 

80 

+0 6 
-23 
-0 5 
+0 9 

1 fi Tiiberc,51, 682 ^ ^ 

} ? Feldman, VV H , Hinshaw, H C , and Mann, F C (1944) 

i« /Ifiirr Rev Ttiberc , 60, 418 

I 5 Feldman, W H , Hinshaw, H C , and Moses, H E (1942) 

15 Amer Rev Ttib^rc , 45, 303 

MoircaT+V, 17. 110471 T r.hnn SSoc . fal 110. fb) 114 

6416 

XXI 

1 0 

25 

50 

+0 n 

-0 3 y 

-08 J 

Martm, A R (1946) / Path Bad , 68, 680 

1 ] 5 Martin, A. R , Rose, F L , and Bevan, H G L (1943) J 

Pharmacol , 77, 127 . u 

Rich, A R , and FoUis, R H (1938) Johns Hoph Hasp 
Bull , 62, 77 
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Rich and FoUis (1938) showed that sulpbaml- 
amide had a retarding effect upon tuberculosis in 
guinea-pigs and later (1939) they were also able 
to demonstrate a slightly favourable response 
against “ bovme ” tuberculosis m rabbits Sulpha- 
pyridme had no sigmficant effect in the latter 
experiments, though other workers — for example, 
Feldman and Hmshaw (1940) — have shown that 
this drug has some sUght action on tuberculosis in 
guinea-pigs A more favourable effect in guinea- 
pigs was obtained with sulphadiazme (though not 
with sulphapyndme or sulphathiazole) by Smith, 
Emmart, and Westfall (1942) In all experiments 
the observed therapeutic benefit has been slight 
and could be demonstrated only when the drugs 
were given at maximum tolerated doses Examina- 
tion, of a number of the commoner sulphonaraide 
drugs m mice by the method previously descnbed 
by one of us (Martin, 1946) is in agreement with 
these earlier results We obtamed a significant 
increase of survival time with the higher doses of 
sulphadiazme (No 2052) and with the highest 
dose of No 3536 (which corresponds to sulpha- 
merazine) but not with the other sulphonamide 
drugs used (Table 11) 

Though none of these results is of practical 
importance, we were led to return to this group of 
compounds by the remarkable pharmacological 
properties of 2-sulphanilamido-4 6-dimethoxy- 
pyrimidme (No 3445) The preparation of this 
compound and some homologues has been des- 
cribed by Rose and Tuey (1946) , it was developed 
in these laboratories in the course of a search for 
improved sulphonamides for the treatment of non- 
tuberculous bacterial infections It has been shown 
to be well absorbed, extremely persistent m the 
body and very efficient in the treatment of strepto- 
coccal infections in mice (Gage, Martin, Rose, 
Spinks, and Tuey, 1947) In vitro the drug 
No 3445 had only a verj’ feeble actiwty against 
Mycobacterium tuberculosis, as indicated by its 


in vitro index <; 1/6 (for description of our 
method of measunng m vitro act vity, see Hoggarth 
and Martm, 1948), and failed to show any activity 
in mice Our previous experience with sulphones 
led us to beheve that the in vitro activity of drug 
No 3445 might be raised by suitable modification 


TABLE I 



Number 

1 

R 

! 

In Mtro index 

3445 

methoxy 

<1/6 

3706 

ethoxy 

<1/3 

4583 

//-propoxy 

5/7 

4584 

/Jopropoxy 

4/8 

5105 

/7-butoxy 

5/7 

5239 

isohuloxy 

6/8 

5033 

l-methylpropoxy 

4/7 

5066 

melhylthio 

<1/7 


NH. 



XNH 



Num- 

ber 

Position 
of ammo 
group 

X 

1 

R' 

R' 

1 

1 

In 

1 iltro 
index 

3052 

P 1 

SO- i 

methyl 

methoxy 

<1M 

5162 1 

P \ 

S 1 

methoxy 

methoxy 

<1/4 

4594 ; 

1 

m \ 

1 

so. 

methoxj 

I methoxy 

' 2'6 


of Its structure Provided that the favourable 
pharmacological properties were retained, it was 
reasonable to expect activity m \i\o 
Examination of the in vitro indices for a senes 
of 2 - sulphanilamido - 4 6 - dialkoxvpyrimidincs 

(Table I) show's that, as expected, the in \itro 
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-activity increases with increasing size of the alkyl 
groups, at least as far as 4 carbon atoins Prior 
to examination of these compounds m vivo, the 
blood levels attamed m mice dosed orally with 
these new compounds were exammed by our col- 
league Dr Spinks (Spinks, 1947), who found that 
whilst the property of persisting m the blood stream 
was retamed, the maximum concentrations which 
could be attamed feU off with mcreasmg molecular 
weight With the butoxy compounds, the maximum 
blood level was so small that it seemed unnecessary 
to carry the synthetical work any further The 
in viiro activity of 2'Sulphanilamido-4 6 -dimeth- 

TABLE n 

NHj ^ ^SOtNHR 


1 

Num- 

ber 

1 

R 

Dose 
(mg per 

20 g 

mouse) 

Increased 

mean 

survival 

time 

Increase 
required 
for sigm- 
ficance 

2052 

2 -pyrimidyl 

10 0 

+3 9 

1 9 



80 

-f2 9 

1 7 

- 


50 

+ 1 3 

I 7 



20 

0 

1 7 

3536 

2-(4-methyl- 

80 

+ 17 

I 7 


pynmidyl) 

50 

+0 5 

1 7 

i 


20 

+ 12 

1 7 

1968 

2-(4 6-dimethyl- 

10 0 

-1 0 

1 8 

1 

pynmidyl) 

25 

-1 1 

1 8 

2347 

2 -thiazyl 

10 0 

-1 1 

1 5 

6131 

-eSNH, 

10 0 

+0 5 

1 I 


oxypynmidme (No 3445) was not increased by 
replacmg the methoxy groups by methylthio 
groups (No 5066), by replacmg one methoxy 
group by methyl (No 3052), or by replacmg the 
sulphonamide linkage (-SO 3 -NH-) by sulphen- 
amide (-S-NH-) (No 5162), though by changmg 
the position of the ammo group a slight mcrease 
was noted (No 4594) As this last change led to 
loss of power to persist m the blood (Spinks, 1947), 
it was not considered that any of these variations 
applied to compounds with larger alkoxy groups 
would result m mcreased activity in vivo 

The tests summarized m the foUowmg tables 
were earned out as desenbed m the preceding 
paper by Hoggarth and Martm (1948) Drugs 
were given orally, usually twice daily for five days 
and once on Saturdays, but the remarkable per- 
sistence of the 2-sulphanilamido-4 6 -dialkoxy- 
pynmidmes m the blood made it unnecessary to 


dose oftener than once daily with some of these 
compounds Infection was carried out intra- 
venously, using 1 mg of moist growth of " human" 
tubercle bacillus from a culture on Lowenstein’s 
medium suspended m water 


Discussion of Results 

~The therapeutic results show (Table IH) that in 
vrvo activity agamst Mycobacterium tuberculosis 
can be attamed by compounds of the 2 -sulphaml- 
amido-4 6 -dialkoxypyriimdme class Activity in 
this group seems to be hmited by the same con- 


TABLE nr 



Num- 

ber 

R 

Dose 
(mg per 

20 g 

mouse) 

Increased 

mean 

survival 

tune 

Increase 
required 
for signi 
ficance 

3445 

methyl 

5 0* 

+ 1 1 

14 

4583 

/i-propy]' 

5 0* 

+ 1 1 

14 



2 5* 

-0 5 

1 5 



2.5 

+2 0 

14 

4584 

iropropyl 

-7 5* 

+ 1 1 

14 



5 0* 

+6 4 

14 



40 

1 +4 0 

22 



2 5* 

-1 5 

1 5 

5105 

71-butyl 

5 0 

+01 

1 3 

5033 

1-methylpropyl 

50 

+ 12 

1 4 

5239 

Anbutyl 

30 

+ 1 0 

1 3 







•Dosed once daily only 


siderahons as were found to be operative with the 
sulphones (Hoggarth and Martm, 1948) — namely, 
that substituents sufficiently large to confer high 
activity in vitro result m such poor absorption that 
activity in vivo carmot be expected This is cer- 
tainly the explanation, at least m part, of the 
activity of the n-propoxy and isopropoxy com- 
pounds (Nos 4583 and 4584) on the one hand, 
and the absence of activity m aU the butoxy com 
pounds (Nos 5105, 5239, and 5033) on the other, 
although all show about the same high activity 
in vitro (Table I) 

Oun interest m 2-sulphanilamido-4 6 -di iso- 
propoxypynmidme (No 4584), which produced a 
very striking mcrease m mean survival time at the 
optimal dose, was lessened by the observation that 
this beneficial effect is almost lost when dosmg 
(which normally begms just before infection) was 
delayed by so httle as 24 hours With other un 
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related compounds (to be reported) we have shown 
a defimte prolongation of hfe of treated ammals 
even when dosmg was delayed for as long as 7 
days The anti-tuberculous activity of No 4584 is 
therefore of no practical sigmficance 

Summary 

1 The activity of a series of 2-sulphanilamido- 
4 6-dialkoxypnmidmes and some closely related 
compounds agamst Mycobacterium tuberculosis in 
vitro has been studied In the former group 
activity in vitro mcreases with increasing size of 
the alkoxy groups 

2 The therapeutic action of certain of these 
compounds m mice mfected with Mycobacterium 
tuberculosis was examined The di-n-propoxy 
and dw^opropoxy compounds produced a sigmfi- 
cant increase in the mean survival time of groups 


of mice treated with them when the drug was given 
both before and after the mice were infected 
When drug treatment was delayed for 24 hours, no 
therapeutic effect was demonstrated 
3 The higher members of the senes were very 
poorly absorbed and failed to show any therapeutic 
action 
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STUDIES IN THE CHEMOTHERAPY OF TUBERCULOSIS 
PART III ANTIMALARIAL COMPOUNDS 

BY 
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(Received November 28 1947) 


When we first established our method for exam- 
ining the antituberculous activity of compounds in 
mice (Martm, 1946), work in these laboratones 
which subsequently led to the development of the 
drug paludnne made available to us a number of 
new types of compounds showing marked anti- 
malanal activity We examined these by the new 
procedure, with the result that promising activity 
was obtamed with certain compounds The princi- 
pal stages in the chemical mvestigations which led 
ultimately to the discovery of antimalanal activity 
m N^ - p - chlorophenyl-N® - wopropylbiguanide 
(“ paludrme ”) have been described by Curd and 
Rose (1946), and are mdicated m Table I below, 
which also shows the compounds in which anti- 
tuberculous activity has been found 


Results 

Therapeutic tests against Mycobacterium tuber 
culosis m mice have been carried out on each of 
the mam classes of compounds and the results are 
hsted below (Tables U, III, IV) We also thought 
it proper to examine other well-known antimalanal 
drugs , no achvity was found with qumme or 
mepaenne at doses of 0 5, 1 0, or 2 0 mg per 20 g 
mouse, nor with pamaqum at doses of 0 05, 0 1, or 
0 2 mg per 20 g mouse The test method was that 
previously desenbed (Martm, 1946) Bnefly, this 
consisted in the infection of mice by the intra 
venous route and their treatment by drugs admin 
istered twice daily by syrmge and catheter at doses 
ranging downwards from the maximum tolerated 
The results are presented in the form used in 


TABLE I 


Type of compound 

Activity 

Representative compound 

Antunalanal 

lAntitubercuIous 

1 

2-arylammo-4-dialkylaminoalkyI- 

amino-6-methylpynmidmes 

active 


CH 

No 2666 (2HC1) 

2-arylguanidmo - 4 -dialkylaminoalkyl - 
ammo-6-methylpynmidines 

more 

active 

inactive 

CH, 

CI<^^NH C 

jljfj NHICH^IjNEI 

No 3349 (2HCI) 

N^-aryl-N'-aUcylbiguanides 

very 

active 

inactive 

CI<f^ANH C NH C NHPr^ 

No 4888 (CH,CO,H) 

(“paludnne”) 
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TABLE n 


Therapeutic tests on 2-aryIamino-4-dialkylaminoalkylammo-6-methylpynraidmes given orally to mice 
mfected with Mycobacterium tuberculosis Doses given twice dadv, as dihydrochlondes 



No 

Ar 

R 

1 

Dose (mg per 
20 g mouse) 

Increased mean 
survival time 
(days) 

Increase required 
for significance 
(days) 

2666 

/7-chlorophenyl 

P-diethylaminoethyl 

1 0 

+2 3 

1 6 

3711 

p-chlorophenyl 

y-dimethylaminopropyl 

0 5 

0 





1 0 

+2 2 

1 7 




1 5 

+2 0 




20 

+ 1 7 


3299 

p-chlorophenyl 

y-diethylaminopropyl 

05 

+ 2 6 ! 

1 9 




1 0 

+3 2 



i 

1 0 

+3 4 

1 7 



1 

1 5 

+ 22 

3300 

p-chlorophenyl 

S-diethylamino- ! 

a-methylbutyl ^ 

1 0 

+ 5 5 

1 6 



1 5 

+ 4 2 

I 7 





20 

+4 2 

‘ 3502 

6-bromo-2- 

P-dietbylaminoethyl 

1 0 

+ 5 5 



naphthyl 

1 5 1 

+4 0 

1 4 




20 

+ 24 



1 

1 


1 0 

+3 9 



1 


20 

+ 3 4 

1 7 


1 


4 0 

+0 4 



TABLE m 


Therapeutic tests on 2-aryIguamdino-4-dialkylaminoalkylamino^-methylpynmidines given orally to mice 
infected with Mycobacterium tuberculosis Doses given twice daily, as dihydrochlondes 

Ar NH CNh/ 




i 

1 

Dose (mg per 
20 g mouse) 

Increased mean 

5 

Increase required 

No 

Ar 

R 

survival time 
(days) 

for significance 
(days) 

3349 1 

/xhlorophenyl 

p-diethylaminoethyl 

10 1 

I -2 1 

1 8 

1 




20 , 

-0 6 

3672 

p-clilorophen>l 

y-d lethylam inopropyl 

0 I j 

-04 1 





0 5 1 

0 

1 7 

1 

I 



1 0 1 

-09 I 


4926 

1 " 

[ 6-bromo-2- 

p-diethj laminocthv I 


1 

-07 

1 7 


naphih>I | 

1 


-12 1 
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TABLE IV 

Therapeutic tests on N* aryl-N“-alkylbiguanides (and related compounds) given orally to mice infected 
\'hih Mycobacterium tuberculosis Doses given twice daily. No 4967 as base, No 4095 asiulphate. No 5114 

as carbonate, and the rest as acetates 

ci/~\nhcnhc 
\=/ II l] 


No 



Dose (mg per 
20 g mouse) 

Increased mean 

Increase required 

R 

R' 

survival time 
(days) 

for significance 
'' (days) 

4967 

ethyl 

H 

0 025 

1 

-0 2 

1 6 

4887 

/i-propyl 

H 

0 1 

-0 2 

1 4 




0 05 

-04 

4888 

liopropyl 

H 

0 1 

-1-0 9 

1 3 




025 

-07 

22 

4565 

/i-butyl 

H 

05 , 

-0 1 

1 5 - 

4430 

«-propyl 

methyl 

025 

-1-0 5 

1 3 



I 0 

-fO^ 

4095 

/i-butyl 

n-butyl 

1 0 

-1-0 6 

1 8 



0 5 

-1-0 3 

5114 

S-diethylammo- 

H 

1 0 

-1-0 3 

1 8 


a-methylbutyl 


1 0, 

-b0 8 






1 


N< 

\r' 


preceding papers of this senes (e g , Hoggarth and 
Martin, 1948) 

It was of interest to see how far the therapeutic 
effects of the new drugs shown in Table 11 were 
dependent upon. the method of examination The 
high activities of compounds Nos 3300 and 3502 
made them suitable for this purpose It was pos- 
sible to demonstrate a therapeutic effect with both 
of these compounds when certain modified dose 
schedules, as shown in Table V, were adopted 

It will be-seen that compound No 3300 exerted 
a shght but defimte therapeutic effect when dosing 
was begun one week after infection, showing that 
the drug was havmg an inhibitory effect even on 
estabhshed* tuberculous disease The absence of 
therapeutic effect with a smgle dose of drug given 
either immediately before, or 24 hours after, infec- 
tion IS important, since it shows that the drug is 
not merely killing freshly introduced orgamsms, 
but IS exerting an effect upon them while they 
multiply m the tissues 

As a further modification of the usual procedure, 
compound No 3300 was given mixed with the 
food The drug was mixed with the powdered 
food, weighed quantities of which were offered to 
the mice in special containers designed to minimize 
loss The consumption of the drug was estimated 


TABLE V 

Further therapeutic tests on compounds Nos 3300 
and 3502 


No 

Dose 
mg 
per 
20 g 

Schedule of dosing 

Increased 

mean 

survival 

time 

(da)’s) 

Increase 

required 

forsig 

mficance 

(days) 

3602 

2 0 

(i) twice dailj for first 
61 days 

(u) as usual (for 19 
da vs) 

4 1 

40 

1 6 

3300 

1 0 

1 

(i) one dose only be- 
fore infection 
(n) one dose only 24 
hours after in- 
fection 

(in) twice daily for first 
SJdays after in 
fection 

(iv) twice daily from 8 

to 13} days after 
infection 

(v) as usual (for 16 

days) 

-fO 8 

-0 1 

+ 34 

+ 18 

+ 3 6 

i 

14 


by weighing the residual food at daily interv^s 
The figure given in the “ dose ” column of Table V 
(referrmg to experiments in which the drug was 
given by this method) is the estimated average dai y 
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intake The drug was given to other mice by 
synnge and catheter as usual for companson 
Dunng week-ends when dosmg by synnge was 
suspended, the drug-diet was replaced by plam 
food 

TABLE VI 

Further examination of compound No 3300 Com- 
panson of the effect of oral dosing with the admini- 
stration of the drug m the diet. Treatment given for 
the first 16 days 



Method 

Increased 

Increase 

Dose 

of 

mean 

required 

mg per 

adminis- 

survival 

: for sigmfi- 

20 g - 

tration 

1 

tune 

; cance 


(days) 

(days) 

05 

1 ; 

+0 7 


1 0 

2 0 

3 0 

1 

in 

food 

(per day) 

-^3 2 
+6 6 
+ 4 8 

1 6 




0 6 

by sjainge 

+ 0 8 


1 0 

and 

+ 1 4 


2 0 

catheter 

+ 4 4 


30 

(twice daily) 

+ 4 8 



Discxission 

Previous investigations of the chemotherapeutic 
activity of synthetic substances in tuberculosis have 
been almost ah concerned with compounds of the 
sulphone-sulphonamide types The only excep- 
Pons of which we are aware are p-ammosalicylic 
acid (Feldman, Karlson, and Hinshaw, 1947) and 
certain naphthoquinones (Alcalay, 1947) Atten- 
tion was first drawn to the compounds reported 
here because of their antimalanal activity, but It is 
clear that the two types of therapeuPc action are 
not co-extensive Furthermore, even m the group 


of compounds showing both antituberculous and 
antimalanal activity, the compounds are placed in 
a different order of activity by the ut vivo test 
against Mycobacterium tuberculosis in mice and 
the antimalanal test with Plasmodium gallmaceum 
m chicks (Curd, Davey, and Rose, 1945 , Curd and 
Rose, 1946a) Thus, whereas No 3300 is more 
active than No 2666 m the antituberculous test, 
the reverse is the case m the antimalanal test The 
influence of chemical structure upon therapeutic 
activity m compounds related to No 3300 will 
form the subject of a future communication 

Summary 

Antituberculous activity in mice has been 
demonstrated with a new group of compounds 
(2-arylammo-4-dialkylaminoalkylamino - 6-methyl- 
pyrimidines), some members of which are active 
as antimalanal drugs No activity was found with 
the other anfimalarial drugs tested 

Most of the compounds mentioned in this report 
were prepared by the team of chemists working under 
the direction of Drs F H S Curd and F L Rose 
to whom we Nvish to express our thanks 
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STUDIES IN THE CHEMOTHERAPY OF TUBERCULOSIS 
PART IV DIAMINO METHYLPYRIMIDINES AND 
RELATED COMPOUNDS ' . 

BY 

E HOGGARTH, A R MARTIN, MFC PAIGE, ^ SCOTT, AND E YOUNG 

From Imperial Chemical Industries Limited Research Laboratories 
Hexagon House Blackley Manchester, 9 

(Received November 28 1947) 


We have already reported (Hoggarth and Martin, 
1948) that members of a certam class of anti- 
malanal compounds (2-arylamino-4-aminoalkyl- 
amino-6-methylpynmidmes) show antituberculous 
activity m mice When examined by the standard- 
ized procedure used throughout this series of 
investigations (Martm, 1946) the compound 
showing most promise was 2-p-chloroarulmo-4-S- 
diethylamino a-methylbutylamino - 6 - methylpyri- 
midine dihydrochlonde (No 3300) 



No 3300 


We have examined the relationship between 
antituberculous activity and chemical constitution 
among a group of compounds related to the drug 
No 3300 and present here a summary of the main 
conclusions which have emerged after a study of 
110 such compounds The chemical formula if 
compound No 3300 may be generalized as shown 
below, and we have prepared variants changmg 
each portion of the general structure m turn 


!n-CH,(6) 
(2)ArNH<^ _y(5) 

(ypW(4) 


(Ar^ = an aryl residue, R = an aliphatic residue 
usually contaming another basic centre ) 


Results 

The test method consisted of the infection of 
mice by the intravenous route, and their treatment 
by drugs administered orally, twice daily by syrmge 
and catheter at doses ranging downwards from the 


maximum tolerated The results are presented in 
the form used in preceding papers of this series 
1 Variation of aryl residue (Ar) — ^Retaining the 
4-S-diethylammo-a-methylbutylammo - 6 - methyl- 
pynmidme portion of the compound No 3300, the 
arylammo residues hsted m Table I were substi- 
tuted for the p-chloroanihno group In compound 
No 3656 the aryl nucleus was omitted altogether 

TABLE 1 

TTierapeutic tests on some 4-8-diethyIamino a methyl 
butylamino-6-methylpynmidines containing an aryl 
ammo group (or in one case an ammo group) in 
position 2 Doses given orally twice daily by syringe 
and catheter 

Compounds of the form 


N ^ ’ 

" ArNH/ 

CH(CH.)»NEt, 2HCI 

cIh, 


No 

Ar 

Dose 

(mg 

per 

20 g 

mouse) 

Increased 

mean 

survival 

time 

(days) 

Increase 

required 

for 

signifi 

cance 

(days) 

5753 

/7-fiuorophenyl 

1 0 

-M'6 

1 4 

5207 

p-bromophenyl 

1 0 

+3 9 

1 4 



lOy 

+4 1 

1 3 

5499 

p-iodophenyl 

05 

+2 2 

} 1'3 



1 0 

+ 3 2 

/ ^ 

5161 

OT-chlorophenyl 

05 

0 

1 16 



1 0 

+0^ 




20 

+ 04 

J 

5164 

o-chlorophenyl 

1 0 

-03 

) >6 



20 

—0 3 

J 
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TABLE I (continued) 


1 

No 

1 

Ar ‘ 

1 1 
j 

Dose 

(mg 

per 

20 g 
mouse) 

Increased 

mean 

suiA'ival 

time 

fdavs) 

Increase 

requited 

for 

signifi' 

cance 

(days) 

5210 

3 4-dichloro- 





phenyl 

1 0 

+ 3 0 

1 6 

5414 

2 5-dichloro- 

1 




^phenyl 

1 0 

-0 8 

1 3 

558S 

3 5-dichloro- c 

\ 




phenyl 

1 0 

+ 1 1 

'y 17 



20 

+ 3 7 


5500 

3 4 5-lnchloro- 





phenyl 

I 0 

+ 2 0 

I 3 

5211 

p-anisyl 

3 0 

+ 2 0 

1 6 

5214 

o-anisyl 

3 0 

-f-0 I 

1 6 

5548 

p-tolyl 

05 

+ 3 2 

\ 15 



1 0 

+ 5 6 




1 0 

+ 26 

L 1 



20 

+ 3 3 

> 1 0 

5560 

m-tolyl 


+ 2 6 

1 5 









-CO 3 

1 4 

6259 

p-dimethylamino- 

0 25 

—0 9 

1 


phenyl 

0 5 

+ 05 

r ' ‘ 



1 0 

+ 07 

J 

4^7) 

6-bromo-2-naph- 

0 25 

+ 1 2 

} ” 


thyl 

05 

+ 1 8 

3656* 

ammo 

1 1 0 

-0 5 

\ 1 6 



j 20 

0 



•Administered as free base and not as dihydrochloride 


II Variation m the aliphatic residue (R )- — 
Retaining the 2-p-chloroanilino-6-methylpyrimidine 
portion of the molecule of No 3300, the S-di- 
etliylamino-a methylbutylamino group of this drug 
was replaced by a number of aminoalkylamino 
residues and also by a number of simple ammo 
and hydrazino groupings A number of such vari- 
ations arc show'n in Table II 

III Simultaneous \ariation of the aryl resultu 
(Ar) and tfie aliphatic residue (R ) — Nine com- 
pounds ha\ing both these groups different from 
those in No 3300 w'crc examined The substituent 
groups were those which appeared most favourable 
from the results summarized in Tables I and II 
No compound of outstanding actnitv w'as found 


and the range of activity w'as within that shown by 
compounds given m Tables I and 11 These results 
are therefore not reported in detail 

TABLE 11 

Therapeutic tests on some 2-/i-chloroanilino-6-methyl- 
pyrimidines containing an aminoalkylamino or amino 
or hydrazino residue in position 4 Doses given orally 
twice daily by syringe and catheter 

Compounds of the form 

n_ch, 

^ NRR'2HC1 


1 


1 


In- 

Increase 




Dose 

creased 

required 




(mg 

mean 

for 

No 

R 

R' 

per 

survival 

signifi- 



1 

20 g 

time 

cance 



1 

mouse) 

(days) 

(days) 

4874* 

P-aniinoethyl 

1 

H 

1 0 

-05' 





2 0 

+ 1 6 

3671 

y-butylamino- 

n 

05 

4 03 

'I I A 


propyl 



+ 1 6 


3557 

y-piperidino- 

H 

0 I 

-06 



propyl 



+ 0 8 





0 5 

-42 2 

J 

1 

1 

j 

1 

j 


05 

-r27 

} 

I 

! 

.... 1 



+ 42 

5718 

y-diethyl- 
amino a- 
methylpropyl 

H 

i I 0 

1 

1 

1 -42 1 

1 4 

6112 

y-piperidino- 

H 

0 25 

-1 09 



a methvl- 
propvl ' 


0 5 

- 1 4 

H 

6330 

2-N-morpho- 

H 

05 

-4 1 8 

SB 


lino-methyl 


1 0 

+ 3 6 



n f/ohexyl 


20 

-'2 9 

J 

5556 

y-diethyl- 

H 

0 5 

- 08 

1 3 


amino a ,3- 

dimethvl- 

propyl 

1 


1 0 

-rl 6 ' 

1 

1 

I 8 

6306 

8-dicthyI- 
amino a- 

methvll 

1 

0 05 1 
0 I . 

^ 0 3 

0 

} 


methylbutyl 

1 

1 

1 



5007* 

methvl 1 

mcthylj 

~ol~; 

-'-0 “5 

r-" 

1 

1 

1 0 1 

"11 

4456*1 

j 

j, 

h\drazino , 

H 


-1 2 

1 4 

4453*1 

3 3'-dimethvl- 

H 

0 

0 4 . , 


h\drazino 


! 0 

0 6 , 

r 


•Admjniiicrrd acfrcc hascjnJ ni'i 31 ajlmlrcxrblutidr 
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IV Additional substituents m position 5 of the 
pyrimidine nucleus — Position 5 of the pyrimidine 
nucleus of compound No 3300 is unsubstituted, 
and an examination was made of the effect of im 
troducmg aliphatic residues such as methyl, ethyl, 
and isopropyl, halogen atoms such as bromme, and 
nitro or ammo groups in this position All com* 
pounds so substituted, except that in which the new 
group was methyl, were completely lacking m 
activity, as were seven other compounds carrying 
one or other of these substituents in position 5, but 
derived from other active compiounds of Tables 

1 and II The activity of the compound No 5671, 

2 - p - chloroanihno-4- 8 -diethylammo - a - methyl* 
butylamino-5 6-dimethylpyrimidine, was equal to 
or better than No 3300 

V Positional isomerism —Two series of posi* 
tionai isomers are known Some members of the 
4-arylamino - 2 - aminoalkylamino - 6 - methylpyn* 
midine series exhibit a degree of antimalarial 
activity at least equal to that found in the parent 
series (Curd, Davis, Owen, Rose, and Tuey, 1946) 
whereas the 4 - arylammo - 6 - aminoalkylamino-2- 
methylpyrinudme compounds are all macUve 
(Basford, Curd, and Rose, 1946) These two 
isomeric types may be represented by the 
generalized formulae below^ 


N CH,(6) 

^ NH Ar(4) 
4 2 6 type 



NHR(6) 
(2)CHa/ \ 

Ar(4) 

4 6 2 type 


(Ar=an aryl residue, R = an aliphatic residue 
usually containing another basic centre ) ' 

We have examined 24 compounds denved from 
these two series, which were prepared with those 
arylammo and aminoalkylammo residues which 
previous results had shown to be most hkely" to 
give active compounds Certain examples had a 
methyl substituent as an additional “ favourable ' 
group m position 5 These results are not given in 
detail for although activity was found m both senes 
(in the 4 6 2 series, only with a methyl group 
in position 5) it was in all instances of a low order 
Neither of the isomers of No 3300 and only one 
of those of No 5671 showed activity 
VI Replacement of the imino linkage uniting 
aryl and pyrimidyl nuclei by a sulphur or an 
oxygen atom — The effect of this change, which has 
been shown to result in diminished but stiU de- 
tectable antimalarial activity m the 2-arylammo* 
4-aminoalkylamino-6-methylpynmidines and their 
4 2 6 isomers (Curd, Davis, Hoggarth, and Rose, 
1947), has been investigated in all three isomenc 
series No actmty whatever was found in the 


seventeen examples of ethers and thioethers 
examined 

1 \ 

Discussion 

The aim of the work summarized, here was the 
discovery of a compound of the diaminomethyl- 
pynmidine class with greater antituberculous 
activity than that possessed by compound No 
3300 This aim has not been realized, and it would 
appear that in compound No 3300 itself and a 
number of closely related compounds we have 
reached the maximum activity possible in this par- 
Ucular chemical group It is noteworthy that the 
essential structural requirerhents for antitubercu 
lous activity in vivo are similar to, but not identical 
with, those necessary for antimalarial activity For 
antituberculous activity in mice the diaminomethyl 
pynimdme nucleus must have one amino group 
substituted by an aryl residue preferably containing 
a para substituent (though some nieta substituents 
confer activity), and the other by a basic alkyl 
residue, the new basic centre being separated from 
the imino linkage by a chain of carbon atoms Of 
the extra substituents which have been tried in 
position 5 of the pyrimidyl nng, all except meth\l 
have an unfavourable effect These requirements 
correspond to what has been found necessary for 
activity against Plasmodium galhnaceum in chicks 
(Qurd and Rose, 1946 , Curd, Richardson, and 
Rose, 1946), except that no member of the 4- 
arylamino-6-aminoalky)amino - 2 - methylpynmi 
dine series has shown antimalarial activity A low 
degree of antimalarial activity is retained in the 
4-arylamino-2-aminoalkylamino- 6 -methylpyrinii 
dines when the imino Imk uniting the aryl and 
pyrimidyl nuclei is replaced by oxygen or sulphur , 
this change in all three isomeric 'senes abolishes 
antituberculous activity 

Summary 

More than one hundred diaminomethylpyn 
midines and related compounds have ' been 
exammed for antituberculous activity in mice The 
lelationship between activity and chemical consti 
tution is discussed 
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THE INSTABILITY OF STILBAMIDINE 
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(Received September 25 1947) 


The recent simultaneous appearance of two 
publications, by Fulton and Goodwin (1946), and 
bv Henry (1946), dealing with the photochemical 
instability of as- and //•rJ/J^-stilbamidme in solu- 
tion shows the existence of considerable diverg- 
ence of opinion regarding the exact nature of the 
changes which occur Barber, Slack, and Wien 
(1943) suggested that saturation of the ethylenic 
linkage of rrans-stilbamidine on irradiation was 
due to addition of water at the double rbond with 
carbmol formation Henry (1946) showed that 
this suggestion was inadmissible, and his evidence 
was strongly in favour of dimerization with 
formation of a derivative of cve/obutane This 
interpretation of the nature of the saturated 
irradiation product has recently been cxinfirmed 
by Fulton and Dunitz (1947) by ;c-ray analysis and 
will therefore be assumed throughout the present 
communication 

Fulton and Goodwin (1946) were able to show 
the partial conversion of cu-stilbamidine into 
/ran5-stilbamidine on irradiation, and also deduced 
that ci5--stilbamidine is not converted directly into 
the saturated product On these points they and 
the present author are in complete agreement On 
the other hand they were unable to find any evi- 
dence for the reverse trails -^c is change, whereas 
the present author found that partial conversion 
of /rans-stilbamidine to ctx-stilbaraidine occurred 
over a wide range of concentrations and tempera- 
tures, equilibrium between the two forms being 
ultimately established under all conditions used 
The value of the ratio dimer /m-stilbamidine 
produced in the early stage of irradiation is deter- 
mined by concentration and temperature , low 
'' temperature is favourable to dimer formation 
which explains Fulton’s (1943) finding that greater 
toxicity developed on irradiation at winter 
temperatures than at summer temperatures 
Furthermore, no evidence was found for the 
“stabilization” of p an5-stilbamidine m dilute 
solution which Fulton and Goodwin (1946) postu- 
lated in order to explain some of their results at 


low initial concentrations of m-stilbamidine At 
low concentrations, equilibrium between the cis- 
and /rnny-forms is rapidly estabhshed, and the 
equilibrium concentration of the /raw-form is 
such that its rate of dimerization is very slow in 
comparison with its rate of reconversion to the 
ci5-form, since the latter reaction is ummolecular 
whereas the former is bimolecular , this is doubt- 
less the explanation of the apparent “ stabiliza- 
tion ” of the trfln5-stilbamidine Their failure to 
obtain precipitation of /rrj7i5-stilbamidine sulphate 
on irradiation of 0 05 per cent solutions of cjs- 
stilbamidme sulphate is in agreement with the 
present author’s finding that, at low concentra- 
tions, precipitation of tron^-stilbamidine sulphate 
IS not complete even in presence of a large excess 
of sodium sulphate, and consequently the normal 
bromometne method of analysis of mixtures of 
the two isomers fails to give rehable results in 
dilute solution With the fluorescence-adsorption 
technique of Henry and Grmdley (1942) no diffi- 
culty was experienced in demonstrating the com- 
plete reversibility of the cis-trans change at low 
concentrations, and it was in fact this property 
which was used to identify c/j-stilbamidme as one 
of the irradiation products 

Fulton and Goodwin (1946) state that “It is very 
probable that the formation of the ‘ saturated ’ pro- 
duct by irradiating aqueous solutions of trans- 
stilbamidine is due to collision between activated 
Irons- molecules The high absorption coefficient of 
this compound indicates that a large proportion of 
the molecules present in an irradiated solution may 
be activated ” In the first place, it is probably un- 
usual for the mean life of a photochemically activated 
molecule to exceed 10“’ sec so that there is little 
opportunity for any significant accumulation of acti- 
vated molecules in the solution to occur Secondly, 
if the saturated irradiation product arises as the result 
of carbmol formation it is difficult to see why colli- 
sion of two activated molecules should be necessary 
Even with dimer formation it is not necessary to make 
this assumption, as the energy of photochemical 
activation of a single molecule corresponding to the 
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wavelength of maximum absorption (329 m/< , 88,000 
cals per gram -mol) is sufficient to brmg about any 
ordinary chemical reaction which is likely to occur 

Hydrolysis of the amidme groups of stilbamidine 
was early found to be a dark reaction (Henry, 
1945), and fhe nature of the first hydrolysis pro- 
duct, r/-anj-4-ainido-4'-anudinostilbene hydro- 
chloride, was clearly stated Recent exammation 
of solutions of stilbamidine which had been 
stored for three years under various conditions 
shows that the factors upon which the rate of 
hydrolysis of the amidine groups primarily depends 
are the pH of the solution and the temperature 
Exposure to light appears not to be of primary 
importance, but may influence the final results 
through conversion of the /raiw-stilbanudme to 
other compounds which may show different sus- 
ceptibihty to hydrolysis and produce hydrolysis 
products too soluble to be precipitated A pH of 
5 suppresses hydrolysis dlmost indefinitely Unless 
the solutions used by Fulton and Goodwin (1946) 
were alkalme no significant degree of hydrolysis 
would be expected during their periods of insola- 
tion, particularly at the prevailing temperatures in 
Bntain, and no crystallization would be expected 


even on prolonged exposure as substantial con- 
version of rrany-stilbamidine to other products 
would have occurred in the early stages Storage 
in the dark, at 40° C , of a one per cent soluhon 
of the hydrochloride at pH 7 will almost certainly 
produce a good crop of crystals of trans-4- 
amido-4'-amidinostilbene ^ hydrochloride within 
three months It may be added that experience 
here mdicates that the method which they em- 
ployed for detectmg hydrolysis would be unsatis- 
factory for estimation of the extent of hydrolysis, j , 
as at low temperatures ammonia is difficult to 
aspirate completely, while elpvation of the tem- 
perature IS, under the necessary alkaline conditions 
— even with borax — liable to result in hydrolysis 
of the amidme groups The only satisfactory 
method which has been found of estimating 
ammonium ion in presence x»f the amidme group 
was the formaldehyde method of Marcali and 
Rieman (1946), a separate “blank” being deter- 
mined for each base encountered The results of 
the long period storage tests are given m Table I 
The drift of pH which occurred (through action 
on the glass, etc ) interferes to some extent with 
the deductions yvhich can be made from the 


TABLE I 

HYDROLYSIS OF AMIDINE GROUPS IN SOLUTIONS STORED FOR 3 YEARS 


Expt 

Compound 

Cone 

0 ^ 

0 

Conditions 

pi 

Init 

/ 

\ 

Hi 

Final 

% 

H>^rol 
to N 3 
Cpd 

_ Remarks 


Stilbamidine Hydrochloride 

1 0 

5° C , glass dark 

67 

6 50 

Nil 

Somecryst ofN, 

A-s 

Stilbamidine Hydrochlonde 

1 0 

5° C , wax, dark 

67 

5 98 

Nil 

Some cryst of Ni 

B 

Stilbamidine Hydrochlonde 

1 0 ' 

30-40° C , glass, dark 

37 

5 45 

1 7 

No visible Nj cryst 

C 

Stilbamidine Hydrochlonde 

1 0 

30-40° C , glass dark 

45 

5 92 

5 6 

Small tuft of Nj cryst 

Di 

Stilbamidine Hydrochlonde 

I 0 

30-40° C glass dark 

67 

6 75 

35 5 

Heavy crop of Na 
cryst 

D- 

Stilbamidine Hydrochlonde 

1 0 

30-40° C , wax dark 

67 

5 52 

26 

No visible Ni cryst 

El 

Stilbamidine Hydrochlonde 
(Soln init insolated H hrs ) 

1 0 

30-40° C , glass, dark 

67 

6 45 

28 2 

Some Nj cryst 

E; 

Stilbamidine Hydrochlonde 
(Soln init insolated H hrs ) 

1 0 

30-40° C , wax, dark 

67 

6 05 

5 3 

No precipitStion 

El 

Stilbamidine Hydrochlonde 

1 0 

30-40° C , glass, diffused 
daylight 

30-40° C , wax, diffused 
daylight 

30-40° C , glass, dark 

67 

5 50 

67 

No precipitation 

El 

Stilbamidine Hydrochlonde 

1 0 

67 

5 65 

6 3 

No precipitation 

G, 

Stilbamidine Isethionate 

>5 

1 

— 

6 67 

26 5 

Some deposit of N- 
cpd 

G. 

Stilbamidine Isethionate 

1 5 

30-40° C , wax, dark 

— 

6 25 

120 ' 

Some deposit of N 
cpd 

H, 

Pentamidine Hydrochlonde 

1 0 

30-40° C , glass, dark 

72 

5 65 

-4 8 

No precipitation 

H. 

Pentamidine Hydrochlonde 

1 0 

30-40° C , wax, dark 


5 15 

1 3 

No precipitation 


Motes — I The symbols N 4 , Na and N. denote /ro/u-stilbamidine and /ri 7 / 7 s- 4 -amido- 4 '-amidinostilbene hydro 
chlorides and 4 4'-diamidostilbene respecUvely . 

2 In Expts El and Ej the total bromine absorption after the initial insolation was 49 per cent of Ihe original 
bromine absorption 
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results, but there is httle doubt that pU and tem- 
perature are of primary importance in determining 
rate of hydrolysis and that it is not a surface 
action, as had previously been suggested (Henry, 
1943) 

rrfl;is-4-amido-4''-am dinostilbene is more toxic 
than the parent compound Its formation m the 
body— for which conditions of pH and tempera- 
ture would be favourable — from stilbamidme 
adsorbed and retained for long periods may there- 
fore m part account for the delayed toxic effects 
which have been observed The occurrence of 
prolonged storage in the body is supported by 
recent examination of the urine of kala-azar 
patients some eighteen months after termmation 
of their course of treatment with stilbamidme 
App’ication of the fluorescence-adsorption tech- 
nique of Henry and Grindley (1945), using 
0 8 c c of urine, leaves little doubt that stilb- 
amidine, or a closely related derivative, is still 
being excreted at a low level (0 005-0 03 mg per 
100 cc) In another patient, only 25 per cent 
of the stilbamidme isethionate (4,650 mg ) injected 
intravenously over a period of three months was 
excreted m the urine during the course of treat- 
ment, and 14 days after termination of the course 
the rate of excretion was steady at 0 1 mg per 
100 cc 

Determination of the site or sites of storage of 
stilbamidme in the body is compheated by the 
difficulty of extracting the drug from adsorbing 
tissue by the usual organic solvents It is possible 
that the answer may be provided by hydrolysing 
completely both tissue and adsorbed stilbamidme 
with conversion of the latter into the correspond- 
ing stilbene dicarboxylic acid, which can be 
detected and estimated by its fluorescence (cf 
Henry, 1946), though with no great sensitivity 
The point is important, m view of the recent use 
by Snapper (1947) of stilbamidme in the treatment 
of multiple mvelomatosis Pentamidine, which 
has been extensively used prophylact cally against 
trypanosomiasis by van Hoof (1947) in the Congo, 
resembles stilbamidme in being strongly adsorbed 
bv filter-paper, and is probably also stored m the 
body for long penods 

It seems highly probable that similar conditions 
of adsorption, storage, and slow release apply for 
the dimer after administration as appear to apply 
for stilbamidme It has been shown (Henry, 1946) 
that the dimer is strongly adsorbed by filter-paper, 
and can readily be estimated by the fluorescence- 
adsorption technique because irradiation of a dry 
spot on filter-paper with short-wave (ca 245 mp ) 
ultraviolet light causes reversal of dimerization 


and production of /raizs-stilbamidine, which can 
then be estimated fluonmetrically Two sheep 
were injected intravenously, one with 50 mg of 
stilbamidme isethionate and the other with the 
same quantity of dimer isethionate, and the rate 
of excretion was followed for about 24 hours 
The results of these tests are recorded in Table II, 

TABLE n 

EXCRETION OF /m/ir-STlLBAMIDINE AND DIMER IN THE 
URINE AFTER INTRAVENOUS INJECTION OF 50 MG 
INTO SHEEP 

Time of injections 8 43 hours 


Time 

Urine 
vol , c c 

Excreted m unne 

mg /lOO c c 

mg 

trails STILBAMIDINE 



10 25 

06 

2 0 

1 3 

12 30 

60 

6 6 

2 8 

14 15 

60 

6 0 

2 6 

16 20 

20 

3 6 

0 7 

10 16 

48 

1 1 

0 7 

08 60 

42 

0 7 

0 3 

09 60 

60 

0 8 

0 4 

11 66 

60 

0 9 

0 6 

Total excretion, mg 


9 2 

DIMCR 1 

1 1 



10 26 ' 

85 1 

2 6 

2 1 

12 30 

46 

2 8 

1 3 

14 16 

60 

0 9 

0 6 

16 20 

63 

0 7 

04 

16 16 • 

46 

0 6 

0 3 

08 26 

66 

0 46 

0 26 

11 06 

119 

0 3 

0 36 

11 66 

66 

0 2 

0 1 

Total excretion, mg 


5 3 


and show that retention of the dimer m the body 
IS closely similar to that of /rn/w-stilbamidme The 
estimation of the dimer was carried out by 
spottmg-oOt the urine (neutralized to htmus with 
hydrochloric acid) on filter paper, washmg 
radially, exposing the dry spots to short-wave 
ultraviolet radiation, and comparing the spots so 
produced with a series of standard spots which 
had been prepared m sheeps’ urine and treated 
and developed in the same way 
The results of the x-ray examination by Fulton 
and Dumtz- (1947) of the hydrocarbon obtamed 
by complete hydrolysis of the saturated irradiation 
product and subsequent decarboxylation are of 
great mterest In the first place — and on the 
assumption that they first proved that carbmol 
formation was madmissible (otherwise cyc/obutane 
formation could have occurred durmg decarb- 
oxylation) — their results conclusively confirm the 
dimerization theory of the nature of this product, 
which had previously been deduced from kmetic 
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and other considerations Secondly, the apparent 
rectangular, instead of square, shape of the cyclo- 
butane; nucleus of the molecule — confirmation of 
which will be awaited with much mterest — has a 
very important bearing on the photochemical or 
thermal decomposition of the dimer From con- 
siderations of bond-force constants and bond 
lengths (c/ Linnett, 1947) decomposition of the 
duner would be expected to occur across the longer 
sides of the rectangle According to the dimensions 
of the rectangle given by Fulton and Dunitz (1947) 
(there is an obvious printer’s error m the published 
data) decomposition across the longer sides of the 
rectangle would mvolve some 9,000 cal /gram 
molecule less than decomposition across the 
shorter sides, and would result m formation of 
tra/ij-stilbarmdme and not cu-stilbamidme There 
IS already some evidence (Henry, 1946) that photo- 
chemical decomposition of the dimer produces 
tra/i^-stilbamidme only, and not CK-stilbamidine 
or a mixture of the two isomers , actual proof of 
this pomt IS rendered difficult by the ready inter- 
convertibility of the cis- and trans- forms on 
irradiation, and by the convertibihty of cis- 
stilbamidine into the trans-isomex at high tempera- 
tures (Henry, 1945) The rectangular shape of the 
cyc/obutane nucleus is likely to have some bearing 
upon the question of why cij-stilbamidine shows 
no tendency to undergo photochemical dimeriza- 
tion whereas irnns'-stilbamidine does so readily" 

Summary 

1 A number of points ansing out of recent 
publications dealmg with the photo-chemical 


changes which shlbamidine undergoes on irradia- 
tion are discussed 

2 Hydrolysis of the amidme groups has been 
shown to be dependent pnmarily upon the tem- 
perature and the pH of the solution It is a dark 
reaction 

3 The dimer has been shown to be retamed m 
the body after mtravenous mjection in the same 
way as is stilbarmdine itself 


The author is greatly mdebted to Mr D N 
Gnndley, who has been associated with much of 
this work He also expresses his thanks to Dr E S 
Morgan, for carrying out injections of sheep , to Dr 
T N Jewitt, for pH measurements -and to the 
Director, Sudan Medical Service, for permission to 
publish this paper 
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EXCRETION IN ANIMALS AND HUMAN VOLUNTEERS 

BY 
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From the National Institute for Medical Research, London, N W3 

(Recd^-ed Septcmbe* 13 1947) 


Miracil D IS a new compound which has been 
dcMsed for the treatment of schistosomiasis 
(bdharziasis) The present paper outlines its be- 
haviour when given to laboratory animals and 
human volunteers A subsequent paper will give 
information about climcal tnals of this compound 
m patients infected with Schistosoma haematobium 
or S mansom 

£ 

History 

The original discovery of the action of miracil 
agamst schistosomes was made at the Elberfeld 
Research Laboratones of the I G Farben- 
mdustne, where expenmental study of mfections 
with S mansom was begun by Dr W Kikuth m 
1932 A senes of compounds, synthesized by Dr 
Mauss (known as the miracil senes), was tested m 
1938 by Kikuth and Gonnert and found to have 
considerable activity Further investigation led m 
1941 to the conclusion that the greatest activity 
agamst schistosomal mfections of monkeys was 
reached m a member of the senes designated 
miracil D (Kikuth, Gonnert, and Mauss, 1946) 
This compound was investigated pharmacologically 
by Dr Hecht, who studied it m a limited number of 
mice, rabbits, and cats, and considered that it might 
lead to gradual fatty degeneration of the hver, 
kidney, and heart muscle Owmg to the war, clim- 
cal trials were impossible and no further progress 
was made m Germany, apart from tests earned out 
by Prof Vogel, which showed that S japomeum 
was not susceptible to these compounds {S hae- 
matobium could not be tned ) After the military 
occupation of Germany, this mformation was dis- 
covered by Allied mvestigators and the compounds 
were studied further in Bntam and Amenca In 
Amenca, Bueding, Higashi, Peters, and Valk (1947) 
found that a majority of imee were cured of 
mfections with S mansom when treated with 
miracil D in doses of 36 mg per kg , admunstered 


intrapentoneally every 8 hours for 18 doses , these 
doses kdled one-quarter of the iTiice In 3ntaih 
the pharmacology of miracil D was studied m 
small anunals by Wood (1947), who did not con- 
firm the insidious toxicity reported by Hecht , and 
delicate methods for the estimation of the com- 
pound in body fluids were worked out by Coxon, 
Latner, and King '*(1947) Early m 1947 we began 
to study Its toxicity and behaviour in rabbits, 
monkeys, and human volunteers , and m July (by 
the kindness of the Medical Director, Southern 
Rhodesia) we were able to begin cbmeal trials 
Studies on the toxicity have also been earned out 
by workers at the Wellcome Research Institute 
under Dr J S K Boyd To aU the above workers 
we are grateful for kindly giving us confidential 

information of their results as they were obtained 

«• 

Chemistry 

Miracil D is the hydrochlonde of l-methyl-4- 
^-diethylaminoethylaminothioxanthone 

O 

CH,CH,N(C,H,)„HC1 


It is a crystalbne orange-yellow powder which is 
soluble up to 1 to 2 per cent m water at room 
temperature When present m body fluids it can 
be estimated by alkalinization and extraction first 
mto ether and then mto dilute hydrochloric acid 
The yellow colour of the resultant concentrate is 
estimated at a suitable pH in a Spekker absorptio- 
meter which has been cabbrated by means of 
known concentrations of miracil (Coxon, Latner, 
and Kmg, 1947) The sensitivity of this technique 
is sufficient to detect 0 05-0 1 mg per htre 


J NH 

vxsA^ 


CH 
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Pharmacology 

Miracil has an irntant action when apphed 
locally to the tissues, and subcutaneous or intra- 
muscular injection causes considerable inflamma- 
tion and some necrosis When it is injected intra- 
venously, its toxicity IS much greater than when it 
IS given by mouth and it tends to cause thrombosis 
of the vein Consequently, oral administration is 
to be preferred 

According to Kikuth and Gonnert (1945, 1948), 
Hecht (1945), and Wood (1947), the max’mum 
single doses tolerated by mice are 300 to 1,000 mg 
per kg by mouth, 340 to more than 500 mg psr 
kg by subcutaneous injection, and 20 to 30 mg 
per kg by intravenous injection Rabbits tolerate 
single doses of 600 to 800 mg per kg by mouth, 
but only 15 to 20 mg per kg by intravenous in- 
jection With repeated oral doses, mice tolerate 
125 mg per kg daily for 10 days Wood found 
that rabbits died after 4 daily doses of 150 mg 
per kg or 6 daily doses of 50 mg per kg In our 
own experiments rabbits tolerated 28 daily oral 
doses of 50 mg per kg but died after 12 or 14 
daily doses of 100 mg per kg One monkey 
(No 70) weighing 3 5 kg survived a total dose of 
5 45 g per kg by mouth, given as 3 doses of 50 
mg per kg in 6 days, 13 doses of 100 mg in 30 
days, and 20 doses of 200 mg m 30 days Another 
monkey (No 105) weighing 4 6 kg survived a total 
dose of 3 4 g per kg , given as 17 doses of 200 mg 
per kg m 26 days A third monkey (No 94) 
weighing 3 6 kg died after 4 8 g per kg given 
as 12 doses of 400 mg in 18 days A fourth (No 
72) weighmg 3 2 kg died after 5 g per kg given as 
13 doses of 200 mg in 30 days and 6 doses of 
400 mg in 9 days Apparently the maximum 
tolerated dose for monkeys is about 200 mg per 
kg four times a week The mmimum curative 
dose for mice infected with S mansoiii is 120 mg 
per kg on 6 successive days, while monkeys have 
been cured by two oral doses of 10 mg per kg 
(Kikuth and Gbnnert) 

Wood reports that intravenous injections into 
rabbits of more than 20 mg /kg quickly cause 
convulsions, similar to those of picrotoxin or 
strychmne , often there is head retraction and ex- 
tension of the limbs In anaesthetized rabbits or 
cats small doses cause no particular effect on the 
cardiovascular system , larger doses cause depres- 
sion of the heart and dilatation of the peripheral 
vessels Other investigations on isolated organs 
have shown no sigmflcant pharmacological actions, 
except a mild spasmolytic action on intestmal 
muscle 


Absorption, Distribution, and Excretion 

For this work we have estimated miracil in the 
body fluids by the method of Coxon, Latner, and 
King (1947) In one rabbit which had received 
0 8 g per kg by mouth, the blood concentration 
of miracil was 1 6 mg per litre at 24 hours, 1 1 mg 
at 48 hours, and 0 at 144 hours Fig 1 shows the 
curve of the blood concentration after a single dose 
of 0 4 g per kg by stomach tube to a monkey 
(No 94) Absorption was rapid and the concen 
tration m the blood was sustained ffor at least 21 
hours 



Fig I — ^Blood concentrations of miracil in_a monkey 
(No 94) after a single oral dose of 0 4 g “per kg 

In 3 monkeys which were receiving oral doses 
of 0 1 to 0 4 g per kg , daily or every other day, 
the blood concentration 24 hours after the previous 
dose was 0 65, 0 80, and 1 60 mg per litre respec 
tively, the concentrations not bemg in proportion 
to the dosage administered In a monkey (No 70) 
which had been receiving 0 2 g per kg (20 doses 
m 30 days) the blood was exammed 3 days after 
the last dose, and it contained only a trace of 
miracil (0-0 1 mg per htre) Since 10 mg per kg, 
repeated once, is stated Fy Kikuth and Gonnert to 
be the minimum curative dose for monkeys, this 
dose was given to a monkey weighing 2 3 kg , 

2i hours the blood concentration was just detect 
able (about 0 1 mg per litre), and at 6 hours miracil 
could not be detected Anbthei monkey weighing 
2 7 kg was given 20 mg per kg , at hours the 
blood concentration was 0 45 mg per litre In a 
third monkey, given 20 mg per kg , no miran 
could be detected m a 2 5 c c blood sample (i e 
probably less than 0 1 mg per htre) These con 
centrations should be compared with those o 
tamed m the blood of human subjects (below 
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Samples of unne collected from some of these 
monkeys contained 33 to 64 mg per litre The 
monkeys in these experiments passed about 100- 
150 cc of urine per day When the administra- 
tion of miracil to two of the above monkeys was 
discontinued the excretion of miracil m the urine 
dimimshed rapidly and ceased after 3 days or 4 
days respectively The faeces of the monkeys 
which had received these repeated high doses con- 
tained 3 8 to 10 mg miracil per g moist weight 
The distribution of miracil m the different organs 
was studied in two monkeys which died from pro- 
longed overdosage Monkey No 94 had received 
12 doses of 400 mg per kg dunng 18 days, and 
monkey No 72 had received 13 doses of 200 mg 
per kg in 30 days, and 6 doses of 400 mg per kg 

TABLE I 

THE CONCENTRATION OF MIRACIL AND ITS DEGRADATION 
PRODUCT IN THE ORGANS OF TWO MONKEYS 

Concentrations in mg per kg 
_ Concentration of degradation product 
^ ~ Concentration of miracil 



Miracil 

Degradation 

Ratio 

Organ 



product ' 



No 94 

No 72 

No 94 

No 72 

No 94 

No 72 

Brain 

35 

1 3 

60 

24 ' 

17 - 

18 

Muscle 

30 

5 4 

1 8 

22 

0 006 

0 41 

Liver 

25 

12 

80 

140 

3 2 

12 

Heart 

21 

16 

60 

98 

0 29 

0 61 

Kidney 

93 

56 

8 0 

13 

0 09 

023 

Lung 

98 

63 

3 0 

5 0 

0 03 

1 

0 08 


in 9 days The concentrations of miracil extracted 
are shown in Table I In addition, some of the 
organs yielded considerable quantities of a yellow 
pigment which was extracted by ether but did not 
pass from ether into hydrochloric acid , presum- 
ably this was a degradation product of miracil m 
which the basic character of the molecule had been 
masked or destroyed The high concentration of 
miracil in the kidney is presumably due to excre- 
tion of the compound in the urme The concentra- 
tions m the lung and heart muscle are higher than 
might have been expected, while that in the hver 
is lower The high concentration of presumed 
degradation product m the hver is easdy under- 
stood, since the catabolism of miracil probably 
takes place in this organ , its high concentration in 
the brain is less easy to explain 
Miracil was given to six volunteers, one receiv- 
ing It on two occasions The miracil was taken as 
solution, preferably after a meal, and a piece of 
bread was eaten to provide extra material m the 
stomach and protect the gastnc mucous mem- 
brane The blood concentration curves during the 
first six hours are shown in Fig 2 and the dose 
schedules and blood concentration of different sub- 
sequent times are given m Table II Fig 2 shows 
that absorption of miracil is rapid, a relatively high 
^ blood concentration being reached in 2^ hours , 
dunng the next 4 hours, removal of the drug from 
the blood (by degradation, excretion, etc ) may or 
may not be greater than the continued absorption 
from the intestine There are considerable differ- 
ences between different individuals in the height 
and persistence of the blood concentration after a 
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given dose Absorption from the intestines is 
almost complete, and little appears m the faeces 
In one volunteer (F H , after a smgle dose of 100 
mg ) the faeces dunng 48 hours contamed less than 
3 mg , in another (W F R , takmg 100 mg twice 
daily) the faeces dunng the first 30 hours contamed 
about 2 mg , in a third (P S , takmg 200 mg twice 
daily) the faeces collected dunng the first 48 hours 
contained 33 flig , some of this may have been 
excreted into the bowel In volunteers takmg 
repeated doses the blood concentrations on the 
second day were usually much higher than the 
corresponding ones on the first day , but after that 
there was no constant tendency for the blood con- 
centration to nse higher, or for accumulation to 
occur (Table II) When the drug is stopped, it 
disappears from the blood m two or three days 
The amount of miracil excreted m the urine often 
amounts to about 7 per cent of the dose ingested 
Smce less than 10 per cent of the dose can be 
recovered from the urme and faeces, it appears 
that most of the drug absorbed is broken down m 
the body so that it is not recogmzed by the test 
employed The concentration in the urme may be 
as high as 30 mg per htre, but usually it is much 
lower When admimstration of repeated doses of 
the drug is stopped, miracil ceases to appear m the 
unne after 3 days 

To study the distnbution of miracil between the 
different elements in the blood two successive 
samples were taken from volunteer P S after the 
5th and 7th doses respectively In the first experi- 
ment, the concentration of miracil in the different 
components was — 

Plasma sample (approximately 44 per cent of 
total volume), 1^ mg per htre 
Red blood corpuscle sample (approximately 
44 per cent of total volume), 0 7 mg per litre 
Intervenmg sample, including buffy coat 
W B C (approximately 12 per cent), 3 0 mg per 
htre 

In the second experiment, the concentrations 
were — 

Whole blood, 1 2 mg per litre 
Plasma (63 per cent of the volume), 1 5 mg 
per litre 

Red blood corpuscles (36 per cent of the 
volume), 0 5 mg per litre 

Buffy coat layer (1 per cent of the volume), 
7 0 mg per litre 

The figure for the buffy coat (leucocyte) layer m 
the second experiment w’as obtamed by calcula- 
tion from the precedmg figures and is not reliable 


These provisional results indicate that the concen- 
tration in the plasma is approximately double that 
in the red blood corpuscles and that the concentra- 
tion m the leucocytes (or platelets) is probably 
much higher , however, the leucocytes contam only 
a small proportion of the total amount present m 
the whole blood, since their volume is small. 

Toxic Effects of Miracil 

In rabbits, repeated large oral doses of miracil, 
e g , 0 4 g per kg daily, cause death after eight or 
more days In the rabbits which eventually died 
there was marked loss of weight, haemo-concentra- 
tion, and occasionally albummuna There was no 
anaemia or leucopema At autopsy the body fat 
and other tissues were often stamed yellow (pre- 
sumably with miracil), the kidneys sometimes 
appeared unhealthy, and the liver rmght be yellow 
and might contain white patches Histological in- 
vestigation revealed, in one rabbit, marked degen- 
eration (sometimes going on to necrosis) of the 
cells of the renal tubules and areas of necrosis in 
the hver , in most of the rabbits, however, the 
degenerative changes in the kidneys and hver were 
quite mild, and in some they were inapparent The 
other organs, including the heart, showed no 
pathological changes 

Four monkeys were given repeated oral doses 
Vomiting often occurred after the early doses, but 
it ceased later when the same amount of miracil as 
before was given with a smaller volume of fluid 
(suspension in gum acacia) The monkeys showed 
intermittent diarrhoea, but the significance of this is 
doubtful as many other monkeys in the same room 
also showed it Two of the monkeys gained 3-6 
per cent m weight, two lost about 10 per cent while 
under treatment Two of the monkeys died One 
had shown no particular chmcal symptoms except 
that on the day preceding death there had been 
marked lassitude and anorexia The other one 
developed epileptiform fits, recurrmg at mtervals , 
and, as death seemed immment, it was killed 
There was no anaemia, leucopema, or albummuna 
m these monkeys At autopsy, the abdominal 
organs were stained yellow, especially the liver 
Histological examination revealed slight degenera- 
tive changes m the renal tubules of one monkey , 
m the other monkey the kidney showed nothing 
abnormal The other organs, including the liver 
and heart, showed no sigmficant pathological 
changes 

In man, overdosage of miracil seems to produce 
a different picture It was given to six volunteers 
as descnbed above, the dosage bemg raised until 
symptoms appeared , then weights ranged from 64 
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to 80 kg A single dose of 0 2 g (F H ) caused 
some uneasiness of the stomach dunng the second 
twenty-four hours after it A single dose of 0 3 g 
was taken by R H at 10 a m , and during the first 
day he felt tired , he suffered from insomma 
durmg the second part of the night Next mormng 
he felt nauseated and at midday he vomited Later 
he had slight diarrhoea and felt tired and irritable, 
but he slept well that mght. The third day he was 
aU nght agam (Dr J S K Boyd has kindly given 
information about two other volunteers on smgle 
doses One took 0 2 g with no ill-effects The 
other took 0 4 g about 2pm That evenmg there 
was shght gastric discomfort which continued the 
next day Sleep was disturbed Forty-eight hours 
after taking the dose severe nausea, diarrhoea, and 
retching set in and persisted until the following 
mormng, after which gradual improvement 
occurred) Volunteer SGC received 01 g three 
times daily for three days On the second night he 
had msomma On the evenmg of the third day he 
felt very tired with some aching of the legs and 
dizzmess The sclerotics were yellow Durmg the 
third mght he awoke with headache, pams m the 
limbs, nausea, and great restlessness , he felt very 
ill During the fourth day he had headache, ex- 
treme lassitude, nausea, and stayed m bed aU day, 
but his appetite was fair These symptoms passed 
off gradually and by the sixth day (third day from 
the last dose) he was normal agam Volunteer 
P S took 0 2 g twice daily for 7 doses He slept 
badly on the second night On the fourth day he 
felt mcreasmg nausea and fatigue and that night 
slept badly His skm and sclerotics were yellow 
On the fifth day the general nausea and malaise 
continued , on the sixth day his condition improved 
and by the eighth day he was normal agam 

Summary of the symptoms in volunteers — After 
smgle doses there was no immediate effect on the 
stomach or intestmes and the symptoms usually 
did not appear until after a latent period of 18—24 
hours As can be seen from Table II, the occur- 
rence of symptoms is not related to the concentra- 
tion of miracil m the blood The pnncipal 
symptom was nausea, often profound , but vomit- 
ing was rare There was also tiredness, prostra- 
tion, and headache Insomnia occurred m most 
volunteers, suggesting cerebral excitation The 
skin and sclerotics were often yellow (apparently 
direct staimng) and the urine was bright yellow 
Two of the volunteers noted pams m the back or 
limbs Diarrhoea was rare, m fact most of the 
volunteers tended to be constipated There was no 
endence of leucopema, albummuna, or jaundice 
As it has later been found that patients can tolerate 


0 6 g or more daily without severe ill-effects, it 
IS possible that some of the above symptoms m 
volunteers may have had a psychological element 

, Discussion 

The above work was undertaken in order to 
obtain a provisional picture of the behaviour of 
miracil m monkeys and man so that the thera 
peutic action of the compound m patients mfected 
with schistosomes could be examined safely and 
easily , more detailed investigation of its phar- 
macology would depend on the outcome of these 
clmical trials The followmg account of the be- 
haviour of miracil must be regarded as only 
tentative 

Miracil IS rapidly and completely absorbed from 
the alimentary canal , only a small proportion 
appears m the faeces, and this may be due to ex- 
cretion by the bile or mtestme ^cretion in the 
urine accounts for up to 7 per cent (approx ) of 
the dose Degradation of the compound in the 
body IS fairly rapid, and on repeated doses there 
is no obvious accumulation of the compound in 
the blood after the first day When administration 
of the drug is stopped, the body gets nd of the 
remaimng drug in about three days In the blood, 
the concentration in the plasma is approximately 
twice that in the red blood corpuscles , the concen 
tration m the leucocytes is probably much higher 

The toxic effects, produced by deliberate over 
dosage in animals, involve pnncipally the kidneys 
and hver , they occur only after large and repeated 
doses, and even then they are often slight In our 
experiments we have seen no evidence of the toxic 
effects on the heart which Hecht reported, and we 
believe that he was mistaken In man the symptoms 
are apparently not due to a direct action of miracil 
on the stomach or intestmes , they seem to be due 
rather to some degradation product of miracil 
acting perhaps on certam parts of the nervous 
system so as to produce nausea and the other dis 
turbances descnbed The symptoms are unpleasant 
rather than dangerous 

Summary 

1 Miracil IS a new compound, synthesized by 
Mauss and stated by Kikuth and Gdnnert to be 
highly effective in the treatment of mice an 
monkeys experimentally infected with Schistosorno 
mansoni Chemically it is the hydrochlonde of 

methyl - 4-/3-diethylammoethylanunothioxanthone 

It IS administered by mouth , 

2 Rabbits tolerate repeated daily doses o 
50 mg per kg and monkeys tolerate 200 mg P® 
kg four times a week 
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3 Its behaviour after oral administration has 
been examined in six volunteers Apparently it is 
rapidly absorbed from the abmentary canal, and, 
after single doses of 0 2 g , the concentration in the 
blood rises to about 1 0 mg per litre at 2} hours 
Over 90 per cent of the drug is degraded m the 
body and only about 7 per cent is excreted m the 
unne There is little tendency for the drug to 
accumulate m the body 

4 The concentration in the plasma is about 
twice that in the red blood corpuscles , the con- 
centration in the leucocytes is probably much 
higher 

5 In animals, debberate prolonged overdosage 
may produce degenerative changes in the bver and 
the renal tubules, but these are usually less than 
would be expected 

6 In volunteers the maximum tolerated dose 
for repeated admimstrabon was about 0 2 g 
per day Overdosage produced nausea and general 
prostration , msomma and yellow discoloration of 


the skin and sclerotics also occurred These symp- 
toms came on after a latent period of about one 
day 

Grateful acknowledgment is due to the previous 
workers on miracil, mentioned in the paper, for confi- 
dential information about their results, and especially 
to Dr R V Coxon, Dr A L Latner, and Prof E J 
King for the instruction in the technique of esUmating 
miracil , to the volunteers who expenenced unpleasant 
discomfort in order to assist these investigations , and 
to Mr R Hunt for technical assistance 
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The experiments desenbed below were under- 
taken m order to obtam quantitative comparisons 
of the actions of vanous histamme antagonists 
on vanous different tissues Consideration has 
also been given to methods of carrying out two 
special types of expenment the estimation of 
lustamme antagomats by biological assay, and their 
use to aid the identification of histamme in tissue 
extracts and other fluids (Pellerat and Murat, 
1945) 

In order to test the specificity of the various 
antagomsms a number of drugs have been used 
to cause effects which were subsequently sup- 
pressed by the different antagomsts These active 
drugs included histamme, acetylchohne, potassium, 
mcotme, and adrenalme In discussmg these 
ei^enments the need has been felt for a collective 
term to desenbe these active drugs, and the word 
“ agonist ” has been adopted with some hesita- 
tion for this purpose It may perhaps also be 
convement m chscussmg other forms of antagon- 
ism to use this word to describe the active drug 
(acetylchohne, adrenaline, p-ammo-benzoic acid, 
etc ) and to use the word antagomst to describe 
the drug (atropme, ergotoxme, sulphanilamide, 
etc ) which suppresses the action of the agonist. 


Methods 

The formulae of the vanous antagonists used are 
shown below 

CH,CH,NMe. 

/>-MeO CH 3 OT CM,NMe, 

Neoantergan 3277 RP 

N CH.C ^ A”' CH.CH.NEt, 

C.HjCH./ *'^N— CHi (jx) 

Antistm 

C H 

‘^HOCH.CH.NMe. 

Nupercaine 



Concentrations of histamine are calculated m 
terms of histamine base and those of the other 
drugs either as molar concentrations or in terms of 
the salt used (nicotine tartrate, neoantergan maleate, 
antistin methane sulphonate and hydrochlorides of 
the other drugs) 

Pieces of gumea-pig’s ileum, 2-3 cm long, were 
aerated m a 2-c c hath contaimng Tyrode's solution 
The bath was connected with two flasks so that it 
could be filled either with ordmary Tyrode’s solu 
tion or with a similar solution containing the 
antagonist 

Pieces of uterus from rabbits, cats, and guinea 
pigs were suspended m a 40 c c bath filled with Dale’s 
solution Some of these uten had been stored over 
night at 4° C - 

Isolated hearts from rabbits and cats were per 
fused with thoroughly oxygenated Locke’s soluuon 
by LangendorfTs method The drugs were injected 
through the rubber tubing, close to the aorta In all 
these experiments the temperature was 37° C 

Expenments on frog’s plexus anaesthesia were 
earned out at room temperature by Sollmanns 
method as described by Btllbnng and Wajda (1945) 

Results 

Guinea-pig s tleum 

Much previous work on the action of 
antihistamine compounds on isolated mtestine 
has been devoted to antergan, benadryl and gju 
benzamme, which are not mcluded m this stud) 
(Halpem, 1942 , Loew et al , 1946 , Wmder et al , 
1946 , Halpem and Mauric, 1946) , Bovet (1944) 
and his collaborators give data for neoantergan 
Meyer and Bucher (1946) found that antistm was 
more active agamst histamme than agamst acetyl 
chohne Accordmg to Halpem and Ducrot (1946) 
3277 RP is not much more active against hista 
rmne than antergan, but Wmter (1947) reports that 
3277 RP IS less active than neoantergan and more 
active than benadryl 

The results of such mvestigations are likely to 
depend to some exent on the design of the 
ment The method proposed by Schdd (1947) 
appears to be particularly satisfactory, and has 
been adopted here The action of the agonist is 


Benadryl 
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first tested in ordinary Tyrode’s solution, and a 
number of equal submaximal effects obtamed at 
regular intervals A similar solution contammg the 
antagomst is then used to fill the bath and the dose 
of the agonist is doubled The response may be 
increased at first, but it gradually dimimshes and 
usually reaches a steady level m about 15 mmutes 
The object of the experiment is to find a concen- 
tration of the antagomst such that these final 
responses after 15 mm are equal to the origmal 
responses to half the dose m the absence of the 
antagomst The whole experiment is repeated 
until this concentration is found The negative 
loganthm of the molar concentration which has 
this effect is defined as the pA, Two tests with 
different drugs are shown m Fig 1 In the first 
test the concentration of the antagomst was too 
low and in the second it was too high 
The pA, can be determmed by plottmg the 
results by the method shown m Fig 2, m which 



Fig 2 — Guinea-pig’s intestine Ordinates mean 
response (4-10 tests) to a double dose as percentage 
of the response to a single dose without antagonist 
Abscissae negative log molar concentration of 
antagonist ACh = acetylcholine H ^histamine 

N =neoantergan T =3277 RJP A =antistin P -= 
nupercaine Vertical lines show ± the estimated 
standard error 

the final response is calculated as a percentage 
of the initial response and plotted agamst the 
loganthm of the concentration of the antagonist 
The figure corresponding to 100 per cent on this 
graph IS the pA,, and is determmed by mterpola- 
tion , the points can be satisfactorily fitted by 
straight Imes The points plotted m Fig 2 are 
mostly means obtamed from several experiments 
and the Figure shows standard errors calculated 
from the individual results , these show that the 
results are reasonably reliable, but more satisfac- 
tory evidence of the error of the method can be 
obtained by comparmg mdependent estimates of 
the pA, usmg different pieces of guL A few such 
estimates are shown m the Table , these results 
confirm the value of the method, and show the high 


potency of neoantergan and 3277 RP The mean 
relative molar activities of the various drugs 
against histamme were nupercame 1, antistm 125, 
3277 RP 4,000, and neoantergan 5,500 Neoan- 
tergan IS also much the most specific of these drugs 
The ratio of its activity against histamine to its 
activity against acetylchohne was 19,500 The 
corresponding figure for antistin was 159, and for 
3277 RP It was 36 5 

The procedure mvolves the assumption that after 
15 mm the response to the agomst would remain 
unchanged The fact that this is not certam may 
account for some of the vanations m the results 
Duphcate tests on the same piece of gut were some- 
times done when the effect of the antagdnist was 
quickly reversible and the inhibitions in such 
experiments usually agreed withm 10-15 per cent 
The time for recovery after 3277 RP was longer 
than after the other drugs 

The biological assay of neoantergan — ^The above 
procedure would be a slow way of making biologi- 
cal assays of antihistammes These can be earned 
out by givmg a senes of equal doses of histamme 
and observmg the depression of the responses due 
to a brief addition of the antagonist to the bath 
Fig 3 shows that the effect of 0 002 fig of neo- 
antergan could be distmgushed in this way from 
that of 0 001 Mg m the 2-c c bath The effect was 
not always of this type, since the maximum depres- 
sion sometimes occurred m the second response 
after the action of the antagomst In judgmg the 
magmtude of the whole effect it is probably best to 
consider not only the maximum depression, but also 
the duration of the depression, smee this was also 
mcreased when larger doses were used It is 
possible in this way to make a rough assay of very 
small amounts of neoantergan, but care is needed, 
since the mhibition sometimes becomes weaker on 
successive additions of neoantergan (cf Ackermann 
and Maurer, 1944) 

The use of neoantergan as a specific test for hista- 
mine — When the response of a piece of gut to a 
tissue extract is abolished by neoantergan this fact 
may be taken as evidence that the effect of the 
tissue extract was due to histamme, but the evi- 
dence IS only convincing if the concentration of 
neoantergan is very low, smee high concentrations 
abolish the responses to most drugs A satisfac- 
tory method of carrymg out tests of this kmd is 
first to find doses of the extract and of histamme 
which cause equal effects, and then to continue 
givmg these doses alternately and to study the 
effect, m the senes of responses, of a bnef addition 
(1 mm ) of a small dose of neoantergan to the bath 
The dose of neoantergan is chosen so as to pro 
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TABLE 

Values of pAj for gumea-pig’s ileum — the negative logarithm of the molar concentration of antagonist 
which halves the sensitivity Individual values, followed by value from Fig 2 


Antagonist 

Histamine 

Acetylcholine 


Difference 

Neoantergan 

9 21, 9 41, 9 49 

9 29 9 29 

9 32 

4 95, 5 04 

5 19 

5 03 

4 29 

RP 3277 

9 07, 9 09 

9 21 

9 18 

7 67, 7 68 

7 62 

1 56 

Antistin 

7 55, 7 66 

7 95, 7 95, 7 95 

7 67 

5 46, 5 57 

5 58, 5 55 

5 47 

2.20 

Nupercame 

5 52, 5 7 

5 58 




Neoantergan 

Benadryl 

Pethidine 

Atropme 

Results 

1 by Schilc 
946 

8 02 

6 13 
564 

1(1947) 

4 86 

6 57-v 
584 

8 61 

' 46 

1 45 

0 29 
-3 03 


duce 50-70 per cent inhibition of the subsequent 
response to histamine The concentration of neo- 
antergan for this effect is usually about 1/10 
of the concentration of histamine 
Such an experiment is illustrated m Fig 4, which 
shows that the action of neoantergan on the 
responses to the extract and to histamine were 
about equal both m magnitude and in duration 
Such results provide evidence that the effect of the 
tissue extract was due to histamine This is fur- 
ther illustrated in Fig 5 In the first experiment 
shown there the extract was first compared both 
with histamine and with acetylcholme The addi- 
tion of neoantergan to the bath for 1 mm abolished 
the response to the extract and to histamme, but 
did not dimimsh the response to acetylchohne 
In the second experiment neoantergan almost 
abolished the response to histamine but had little 
effect on the response to mcotme In another 
experiment the response to nicotine tartrate 
(1 mg /I) was unaffected by concentrations up to 
400 j“g /I of neoantergan, but partially inhibited 
by a concentration of 4,000 /ig /I , while a concen- 
tration of 1 /ig /I was sufficient to produce a marked 
and prolonged inhibition of equivalent responses 
"to histamine In another experiment the agonists 
were histamme (10 /ig /I ) and KCl (800 mg /I ) 
The effect of histamme was completely abohshed 
by neoantergan m a concentration of 10 i‘g /I The 
effect of KCl was unaffected even when the 
concentration of neoantergan was increased to 
1 mg /I and was only partly mhibited when the 
concentration was 5 mg /I The last result is shown 
m Fig 5C 


Isolated uterus 

Certain antihistamines themselves cause a 
contraction of the uterus which complicates 
expenments on their antagomsm to histamme 
(Halpem, 1942) This antagonism has, how 
ever, been shown when the direct effect was 
abolished by leavmg the antagonist m the bath for 
1-2 hours (Bovet and Walthert, 1944), or by 
reducing the calcium concentration of the fluid 
(Halpem and Walthert, 1945), or by using small 
doses of the antagonist (Dews and Graham, 1946) 
Thiodiphenylamme compounds, such as 3277 RP, 
have been found to have no effect by themselves, 
but to antagomze histamme (Halpem and Ducrot, 
1946) 

Non-pregnant cat — Neoantergan did not cause 
contraction of these uten m concentrations up to 
4 mg /I Histamme (15-150 pg /I ) caused contrac 
tions which were abolished by equal concentrations 
of neoantergan Lower concentrations of neoan 
tergan (1/10 that of the histamme) stiU reduced 
the response by about 50 per cent Higher con 
centrations were needed to interrupt an established 
histamine-response Responses due to acetyl- 
choline were unaffected by neoantergan in concen 
trations which abolished equivalent responses to 
histamme 

3277 RP (3 mg /I) had no effect 'Ey itself, and 
did not mterrupt an established response to hista- 
mine If added 1—2 mm before histamine m 
equal concentration, it had little effect on the fir^ 
subsequent response, but inhibited the secon 
response completely Recovery of the response to 
histamme was slow 
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Fig 1 — Guinea-pig’s intestine Schild’s method of 
testing antagonists Responses to acetylcholme, 
12.5 fig II Dose doubled at times marked with a dot 
Bath contained the antagonist at the times marked 
with a line The effect of (A) neoantergan (2,500 
fig fl) was less than that of 3277 RP (25 fig /I ) 
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Fig 3 — Guinea-pig’s mtestine Assay of 
neoantergan Responses to histamine (10 
fig /I ) at intervals of 1 min Inhibitory' 
effects of neoantergan for 1 mm Effect 
of 1 fig /I greater than that of 0 5 fig 1 1 



Fig 4 — Guinea-pig’s intestine 
Test to identify histamine 
in an extract Responses at 
intervals of 1 min The line 
joms responses due to 0 2 
c c of unne extract Other 
effects are due to histamine 
(7 5 fig II) except the first 
(7 fig /I ) N = neoantergan 
(0 8 fig II) for 1 mm This 
causes roughly equal inhibi- 
tions of the effects of the 
extract and of the histamme 
given in alternate doses 


Fig 5 — Guinea-pig’s intestine NA indicates neoantergan 
admimstration A — Neoantergan (0 5 fig 1 1 for 1 mm ) 

inhibited the response to histamme (5 fig /I , H) and 0 2 c c of 
the extract (T), but not that to acetylcholme (25 fig /I , Q 
B — Neoantergan (10 fig /I for 1 mm ) inhibited the response 
to histamme (10 fig /I , H) much more than that to nicotine 
(1 mg /I , N) C — Neoantergan (5 mg /I for 1 mm ) inhibited 
the response to KCl (0 8 mg /ml ) 



Fig 6 — Uteri m 40 ml bath 
A — Gumea-pig Neoanter- 
gan (0 5 fig for 1 mm ) 
inhibited the response to 
histamine (10 fig) but not 
that to acetylcholme (10 fig ) 
B -Gumea-pig Neoantergan 
(100 fig) increased the res- 
ponse to KCl (60 mg ) 
C — Rabbit Neoantergan 
(15 fig) inhibited the res- 
ponse to histamme (25 fig ), 
but not that to adrenaline 
(25 fig) 


A 


B 


C 
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The antihistamine activity of benadryl ^was 
clearly shown, though less than that of neoantergan 
On the other hand, benadryl showed pronounced 
antagonism to acetylchohne 

Rabbit — Both pregnant and non-pregnant uteri 
were used and no difference was seen between 
them Neither neoantergan nor 3277 RP had any 
direct effect m concentrations up to 3 mg /I The 
response to histamme (1 7 mg /I) was completely 
inhibited by neoantergan (0 35 mg /I ) added 1 mm 
previously Recovery occurred after several wash- 
ings and the inhibihon could be repeated In 
another experiment, neoantergan (0 7 mg /I) in- 
hibited an established response to histamine 
(1 7 mg /I) 

Antistin was a less powerful histamme-antagomst 
than neoantergan on this preparation as it was on 
other preparations 

Rabbit uterus differs from the intestine and the 
other uten used in that it is stimulated by adrena- 
line, so that It provides an opportumty for study- 
ing adrenahne-antagomsms Fig 6C shows that the 
response to adrenahne was unaffected by a dose of 
neoantergan which abolished the response to hista- 
mine Neoantergan (1,700 jug /I) had no effect 
on the response of this tissue to acetylchohne 
(70 /^g /I ), but 3277 RP m the same concentration 
completely abohshed the response to acetylchohne 
as well as that to histamme Benadryl (350 /xg /I ) 
was also achve against acetylcholme 

Non-pregnant guinea-pig — Neoantergan had no 
direct effect m concentrations of 1 mg /I or less, 
but a concentration of 5 mg /I caused a small con- 
traction In lower concentrations (16-50 jug /I for 
1 mm) It abolished the response to histamme 
(300 jug /I) but not that to acetylchohne (cf Fig 
6A) It did not mhibit the response to KCl, but 
increased it when high concentrations (2 5 mg /I) 
were used (see Fig 6B) 3,277 RP also antagonized 
the response to histamme 

Isolated heart 

Expenments on the heart were m progress 
when the paper of Dews and Graham (1946) 
appeared These authors found that neoantergan 
antagomzed the achon of histamme on the rabbit’s 
auncle and on the coronary flow in isolated hearts 
from cats and dogs 

Cat s heart — ^The injection of 0 3-0 5 /xg of hist- 
amme mcreased the coronary flow and larger doses 
(5-10 pg) mcreased the amphtude and rate of the 
beat AU the antihistamine drugs tested (antergan, 
neoantergan, benadryl, and 3277 RP) mcreased the 
coronary flow and depressed the force and rate of 
the beat They all had some antihistamine action. 


but this action was less than m the expenmenti on 
the mtestme and uterus The action of neoan- 
tergan was more than 3 times that of benadryl 

Rabbi fs heart — In some of the earher expen- 
ments the hearts did not beat, apparently because 
of deficient oxygenation These experiments pro- 
vided an opportunity for studymg effects on the 
coronary flow uncomplicated by the secondary 
effects of changes in the beat which have been dis- 
cussed by various authors (see Hammouda and 
Kmosita, 1926) The experiments may be com 
pared with those of Wiggers (1909), who deliber- 
ately stopped the beat m order to avoid such 
complicahons 

Histamine (20 pg) always decreased the flow 
Antergan (50 pg ) mcreased the flow shghtly, and 
when given 1 mm before histamme it abolished 
and sometimes reversed the effect of the latter 
drug In one experiment 3277 RP (50 /tg) in 
creased the flow and caused a small dimmution of 
the effect of histamine 

When the heart was beatmg the antihistanune 
drugs depressed the amplitude of the beat to various 
degrees and they aU decreased the stimulation 
due to histamme, but normally did not abolish it 
entirely Neoantergan was more active than 3277 
RP and more than 3 times as active as antistin In 
a dose of 25 pg it had a large effect against 4 /ig 
of histamme, but was almost mactive agamst 20 pg 
Similar doses of benadryl abolished the response to 
0 5 jug of histamme, but only shghtly depressed the 
response to 1 pg 



Fig 7 — Frog’s plexus anaesthesia Ordinates time 
onset of anaesthesia m minutes Abscissae negm ^ 
log molar concentration A = Antistin ^ " 
Neoantergan B “Benadryl F“3277 1^ , 

Nupercaine -Each pomt is the mean of i ^ 
± the estimated standard error 
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Local anaesthesia 

Halpern (1942) states that denvaUves of the 
antergan senes are potent local anaesthetics, but 
gives no details Benadryl (Friedlander and 
Femberg, 1946) and anbstm (Meyer and Bucher, 
1946) have been shown to be local anaesthetics 
Using intracutaneous injections in guinea-pigs, 
Dews and Graham (1946) found that neoantergan 
was 3 1 times as potent as procame, and Leavitt 
and Code (1947) found that benadryl was 2 5-6’ 
times as active as procame m human beings 

Fig 7 shows the results of a companson of four 
antihis tamine drugs With nupercame, by their effect 
on the frog’s lumbar plexus The time to the 
onset of anaesthesia is plotted against the logarithm 
of the concentration and the results fitted by 
straight hues As judged by the concentrations 
needed to cause anaesthesia m 15 mm the relative 
molar activities of the drugs tested were as follows 
— nupercame 100, 3277 RP 30, benadryl 26, neo- 
antergan 5 5, antistm 3 

Discussion 

The experiments with gumea-pig ileum gave the 
best estimates of the relative activity of the vanous 
drugs agamst histamine (see Table) Neoantergan 
was the most active, 3277 RP was slightly less 
active, but its effect was slower m onset and lasted 
longer Antistm was much less active 

Expenments on the uteri and isolated hearts 
were less complete but gave similar results When- 
ever they were tested the above drugs showed 
antihistamme activity and the order of their 
activities was as given above 

The activity of the thiodiphenylamine drugs was 
discovered by Halpem and Ducrot (1946), who 
found that when 10-20 mg of 3277 RP was in- 
jected subcutaneously m guinea-pigs it protected 
them agamst the immediate effects of 1,400-1,500 
lethal doses of histamme given mtravenously 20 
mm later, while neoantergan only protected them 
agamst 100 lethal doses It was therefore surpns- 
mg that 3277 RP was shghtly less active than neo- 
antergan on isolated organs The meanmg of this 
discrepancy is obscure, but may perhaps be related 
to the fact that the effects of 3277 RP are more 
prolonged The results descnbed above are more 
easily reconcdable with those of Wmter (1947), who 
found that neoantergan was more active than 3277 
RP m antagonizmg bronchospasm, contraction of 
the intestine and the lethal effect of small doses of 
histamme m gumea-pigs 

Besides being the most active of these drugs 
agamst histamme, neoantergan is, so far, also the 


most specific Benadryl and 3277 RP are both 
much more active than neoantergan agamst acetyl- 
choline not only on^the mtestme but also on the 
uterus Antistm has little action agamst acetyl- 
chohne on the mtestme, but neoantergan has less 
still The specificity of neoantergan was also 
shown m expenments with other agonists In con- 
centrations which suppressed the action of hista- 
mme it has little or no effect on the actions of 
potassium or nicotme on the guinea-pig’s mtestme 
or on the action of adrenaline on the rabbit’s uterus 
Higher concentrations did, however, antagonize the 
actions of all the drugs used m experiments on the 
mtestme, and accordmg to Bovet and Walthert 
(1944) neoantergan also antagonizes the response 
of the rabbit’s uterus to adrenahne These results 
probably explain the conclusions of Danielopolu 
et al (1941-5), who deny any spdcrficity to anter- 
gan They certainly used very large quantities of 
the drug, although the exact dose is not mentioned 
Schild (1947) also found that antihistamines m 
sufficient concentrations antagonize the actions of 
other drugs besides histamme Neoantergan is 
clearly the best of the drugs studied to use m 
specific tests for histamme, but it is useless if high 
concentrations are used Expenments of the type 
shown m Fig 4 are particularly suitable for tests 
of this kind, smce they provide a quantitative 
companson of the antagomsm of the drug to 
histamme and to the unknown solution 

The antihistamine drugs were found to depress 
the isolated heart and dilate the coronary vessels 
They antagonized the actions'^of histamme on the 
force of the beat and on the coronanes, whether 
this was constnctor or dilator The fact that this 
antihistamme action was comparatively feeble 
may perhaps be due to the conditions of adminis- 
tration, smce the tissues were only exposed to the 
drugs for a very short time 

The locaranaesthetic effects of these drugs were 
quite unrelated to their action agamst histamme, 
but may perhaps be related to their action agamst 
acetylchohne Benadryl and 3277 RP were, in 
fact, much more potent than antistm and neoan- 
tergan, both as local anaesthetics and as acetyl- 
cholme-antagonists It would, however, be unwise 
to lay stress on these facts until the experiments 
have been extended to other drugs and to other 
methods of testing for local anaesthesia 

Summary 

1 The actions of a number of histamine- 
antagonists on isolated organs have been compared 
m vanous ways 
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2 When tested by their power to antagonize 
histamine they were placed in the following order 
of descendmg activity — neoantergan, 3277 RP, 
benadryl, antistin, nupercame 

3 Neoantergan was the most specific of the 
drugs used Its action agamst histamme was 
greatest, and its action against acetylcholine was 
least Its action against nicotine, potassium, and 
adrenahne was much smaller than its action against 
histamine 

4 Neoantergan is the best of these drugs to 
use in the identification of histamine in unknown 
solutions, but may give misleadmg results unless 
used in very low concentrations A method of 
carrying out such tests is described 

5 A method for the rough biological assay of 
neoantergan is descnbed which involves the use of 
only about 0 002 /ig of the drug per dose 

6 The antihistamines tested depressed the beat 
of isolated hearts and mcreased the coronary flow 

7 The activity of these drugs as local anaes- 
thetics on the frog’s lumbar plexus appeared to be 
more nearly related to their activity against 
acetylcholine than to their activity against 
histamme 

These expenments were done dunng the tenure of 
a British Council scholarship 

I am glad to express my thanks to Prof J H 
Gaddum for his hospitality and help, and to Dr H 
Adam for urinary extracts and the tracing shown in 
Fig 4 


I am also grateful to Dr B N Halpem for 3277 RP, 
to Rhone Poulenc for neoantergan maleate, to Messrs 
Ciba Ltd for antistin methanesulphonate, and to 
Messrs Parke, Davis and Co for benadryl 


References 

Ackermann, D , and Maurer, H (1044) Pflilg Arch ges 
Phystol , 247, 460 

'Bovet, D , and Walthert, F (1044) Ann pharmacad 
franc , Suppl No 4 

Baibnng, E , and Wajda, I (1946) J Pharmacol , 85, 78 

Danlelopolu, D , Popesco, M , and Mezinesco, E (1941-6) 
J Physiol Path gAi , 38, 316 

De%ys, P, and Graham, J D (1946) Bnt J Pharmacol , 
1, 278 

FnedlSnder, S , and Feinberg, S M (1946) ' J Allergy 
17, 129 

Halpem, B N (1042) Arch ml Phanmcodyn , 68, 339 

Halpem, B N , and Walthert, F (1946) C r Soc Biol , 
Pans, 139, 402 

Halpem, B N , and Ducrot, R (1946) C r Soc Bwl 

Pans, 140, 361 

Halpem, B N , and Maunc, G (1946) C r Soc Btol , 

Pans, 140 440 

Hammouda, H , and Kinosita, R (1926) J Phystol , 61, 
616 

Leavitt, N D , and Code, C F (1047) / Lab dm Med', 

82 334 

Loew, E R., McMillan, R , and Kaiser, M E (1946) J 
Pharmacol , 86 229 

Mejer, R, and Bucher, K (1946) Schweiz med IVsehr , 
14, 204 

Pellerat, J , and Murat, M (1946) C r Soc Btol Pans, 
139 1139 

Schild, H O (1947) Brti J Pharmacol , Z, m 

Wiggers (1909) Amcr J Phystol , 24, 301 

Winder, C R , Kaiser, M , Anderson, M , and Glassco, E 




Brit J Pharmacol (1948), 3, 181 


NITROAKRIDIN 3582 A COMPOUND POSSESSING 
CHEMOTHERAPEUTIC ACTIVITY AGAINST THE VIRUSES OF 
PSITTACOSIS AND LYMPHOGRANULOMA VENEREUM 


BY 

E WESTON HURST 

From Imperial Chemical Industries Limited, Biological Laboratories, Hexagon Hoitsd, Manchester, 9 

deceived November 5 1947) 


“ Nitroakndin 3582 ” (Hochst) or 2,3-dimethoxy- 
6-nitro-9(3'-diethylamino-2'-hydroxypropyl)amuio - 
acndme dihydrochlonde 

NH CHjCHOH CHsN(CsH*)a 2HC1 

CH,0(<^YVA 

was developed by the Germans, who claimed that 
It possessed activity against nckettsiae Smadel, 
Snyder, Hamilton, Fox, and Jackson (1946) found 
It to exert a beneficial effect on mice and embry- 
onated eggs experimentally infected with murine or 
epidemic typhus, tsutsugamushi disease or Rocky 
Mountain spotted fever Green, Rasmussen, and 
Smadel (1946) observed a chemotherapeutic effect 
of the compoimd in embryonated eggs infected with 
the Lee stram of influenza B virus In most of 
their expenments they mixed the compound with 
virus and inoculated the mixture into the allantoic 
sac of 11 -day embryos In two expenments 
mtroakndm was injected an hour before virus 
After 2-5 days they estimated virus m the aUantoic 
fluid by means of the haemagglutmation technique 
Only 3 of 107 eggs receivmg 1-10 M I D of virus 
together with 0 5 mg mtroakndm agglutmated red 
cells, and then to a lower titre than did infected 
control eggs Against 100 or more M I D of virus 
the compound exerted a less strikmg effect The 
addition of mtroakndm to known positive allantoic 
fluids did not influence their titres , nor did the 
drug inactivate virus at room temperature in 15 
minutes, about 5 minutes longer than the time 
occupied m inoculating eggs after preparation of a 
mixture 

This claim of therapeutic activity against one of 
the mfluenza viruses seemed sufficiently important 
to warrant mvestigation of the action of the com- 
pound agamst other viruses My colleague. Dr 
P Gaubert, very kindly prepared a sample of 
mtroakndm, with which we obtained no favour- 


able effect on mfluenza m mice or on infections 
caused by four neurotropic viruses Against 
psittacosis and lymphogranuloma venereum, how- 
ever, the compound showed moderate activity 

EXPERIMEbTrAL 

In suitable chrome toxicity tests the maximal 
tolerated dose of mtroakndm m mice weighmg 
20 g was 0 25 mg daily, given mtrapentoneally as 
a single dose dissolved m 0 5 c c sterile distilled 
water In many expenments the animals were 
infected with a virus two hours after the second 
dose , variations from this procedure are indicated 
m the appropnate places Dos^mg continued for a 
vanable penod accordmg to the virus m use and 
the exact object of the particular experiment Most 
suc-day-old chick-embryos tolerated a single dose 
of 0 5 mg mjected into the yolk-sac two hours 
after virus^had been given by the same route 

In comparative tests with other drugs we gave 
sulphonarmdes oraUy twice daily m doses of 5 mg 
per 20 g , pemcilhn (96 per cent peniciUm-II) by 
mtrapentoneal injection of 500 umts four times 
daily at 9 0 a m , 12 45, 5 0 and 9 30 p m During 
the mght, ammals receivmg pemcilhn were offered 
the drug dissolved m stenle distilled water from 
stenlized dnnkmg bottles 

Results 

(a) Influenza 

Table I sets forth the scores of the pulmonary 
lesions m mice infected mtranasaUy with the PR-8 
stram of mfluenza virus A and killed on the 7th 
day The results m mice treated with mtroakndm 
do not suggest a therapeutic effect of the com- 
pound 

In the haemagglutmation test mtroakndm did 
not inhibit agglutination of fowl erythrocytes by 
mfluenza virus , on the contrary, the stronger 
solutions themseh es produced strong agglutination 


o 



182 


E WESTON HURST 


, TABLE I 

EFFECT OF TREATMENT WITH NTTROAKRIDIN ON THE PULMONARY LESIONS OF MICE INFECTED INTRANASALLY WITH 

INFLUENZA VIRUS 

5 = death with specific lesions on or before the 7th day 4-0 = extent of pulmonary lesions recorded 

according to conventional practice 


I 


Exp 

Number 
of doses' 
of drug 

Dilution 
of virus 

Pulmonary lesions 

Treated mice 

Untreated rmce 



io-» 

4, 4, 3, 3, 3, 3, 3,1,0,0=24 


1 

7 

io-« 

4, 3, 3, 2, 1. 1. 1, 1,0,0= 16 




10-’ 


■ffffffiH'lt'liMlai 



WBSM 

5, 5, 5, 5, 5, 5, 3, 2, 2,0=37 

5, 5, 5, 5, 5, 4, 4, 4, 3,2=42 

2 

7 


3, 3, 3, 2, 2,2, 1, 1, 1,0= 18 

5, 5, 4, 3, 2, 2, 2, 1, 1,0= 25 



■liSH 

4, 3, 3,2, 2. 1,1, 1,0,0= 17 

3,2, 2, 2, 2, 2, 2, 1,0,0= 16 



KH 

5, 5, 5, 5, 5, 5, 5 5, 4, 4 = 48 

5, 5, 5, 5, 5, 4, 4, 4, 4, 3 =^44 

3 

8 

10-' 

5, 5, 4, 4, 4, 3, 3, 2, 0, 0 = 30 

5, 5, 4, 4, 3,3, 3, 2,-2, 0 ='31 



10-" 

3,2,2,2,2,2,1,1, 1.0= 16 

4, 3, 3, 3, 2, 2.2, 1,0,0=20 


(b) Equine encephalomyelitis, loupmg-ill, St Louis 
encephalitis and rabies 

Table 11 shows the mortality m groups of 30 
mice treated or untreated with mtroakridm and 
infected with one or other neurotropic virus In 
Eastern eqmne encephalomyelitis the compound 
apparently prolonged the mean penod of survival 
shghtly , chmcally we noticed that several animals 
Imgered on m a moribund state, art expenence un- 
usual with this infection In loupmg-ill the com- 
pound produced a heavier mortahty, which stahs- 
hcally was almost significant, and the average 
period of survival was shorter than m controls 
With the VITUS of SL Louis encephahtis deaths 


were very much more numerous m treated animals, _ 
though the average period of survival appeared to 
be prolonged In rabies the death-rate was shghtly 
but not sigmficantly greater than m control 
animals, the penod of survival being unaltered 

None of these results suggests that mtroakndin 
may be a useful therapeuh^c agent for the diseases 
m question 

(c) Psittacosis 

From the beginning it was clear that mtroakridm 
had a clear-cut beneficial effect ~on psittacosis 
This effect was apparent not only from stahstical 
consideration of the completed experiments , the 


TABLE n 

EFFECT OF TREATMENT WITH NimOAKRIDIN OF MICE INFECTED WITH NEUROTROPIC VIRUSES 


Vmis 

Dose 

Route of 
moculation 

Mortality m groups of 30 mice 

Treated mice 

Untreated mice 

Number of 
doses 
of drug 

Deaths 

Mean period 
of survival 
m days* 

Deaths 

Mean penod 
of survival 
m days* 

Equme encephalomyeh- 
tis (Eastern strain) 

1000 cerebral 
LD50 

intramuscular 

8 

10 

62 

9 

50 

Loupmg-iU 

1000 cerebral 
LD50 

intramuscular 

8 

16 

12 9' 

9 

" 14 5 

St Louis encephalitis 

S 

1 cerebral 
LD50 

mtracerebral 

14 

25 

18 0 

8 

14 9 

Rabies (virus-fixe) 

1000 cerebral 
LD50 

mtramuscular 

14 

25 

15 1 

19 

14i> 


* From time of Inoculating virus 
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NITROAKRIDIN 3582 IN VIRUS DISEASES 


TABLE ni 

' EFFECT OF TREATMENT WITH NimOAKRIDIN OF MICE INFECTED WITH PSITTACOSIS 


Exp 

Dilution 
of vims 

! 

Route of 
- inoculation 
of virus 

Day 

exp 

ended 



Mortality m groups of 30 mice 


Treated mice 

Untreated mice 

Number 
of doses 
of dmg 

Time of first 
dose of dmg 

Deaths 

Mean 
period of 
survival 
m days* 

Deaths 

Mean 
penod of 
survival 
m days* 

1 

10-6 6 

mtrapentoneal 

22 

8 

26 hr 

before vrrns 

15 

12 0 

28 

8 6 

2 

10-7 0 

mtrapentoneal 

26 

8 

26 hr 

before vims 

11 

12 0 

27 

9 3 




26 

14 

26 hr 


2 

13 0 

28 

9 5 

'3 

10-7 0 

mtranasal 

28 

21 

26 hr 

before vims 

20 

15 2 

25 

15 2 



mtrapentoneal 

28 

15 

26 hr 


16 

11 9 

29 

8 6 



f 9 

28 

12 

48 hr 

after vinis 

22 

11 9 





»> 

28 

10 

96 hr 

>9 >i 

24 

9 5 



4 

10-’ »=5 'lD50 

mtrapentoneal 

42 

13" 

4hr 

after virus 

13 

14 3 

28 

7 1 


10-7 0= 10 LD50 


42 

13 

4 hr 


13 

21 4 

28 

72 


10-'<>=1000LD50 


42 

13 

4 hr 


16 

12 2 




10-’“=10LD50 


42 

13 

52 hr 

9 > 

23 

13 5 



5 

10 -’ 

mtrapentoneal 

36 

13 

4 hr 

after vims 

11 

19 1 

27 

15 4 


10-’ '>=10LD50 


36 

13 

4 hr 


8 

21 0 

29 

15 4 


lO-® <>= 1000 LD50 


36 

13 

4 hr 


19 

17 9 




10-' 0=10 0350 

> J 

36 

13 

52 hr 

9 9 9 9 

12 

19 4 



6 

10-7 0 

mtrapentoneal 

40 

14 

26 hr 

before virus 

26 

19 7 

26 

11 5 


10-6 0 

1 > 

40 

14 

26 hr 


19 

11 3 

30 

79 


10-4 0 


40 

14 

26 hr 

9 9 99 

27 

10 3 

26 

75 


• From time of inoculating virus 


casual visitor to the isolation-umt, at a time when 
untreated animals were dymg, might see one cage 
of extremely sick (control) rriice, and another con- 
taming more numerous and more active animals of 
which few or none were obviously ailing 
Table in illustrates a number of points regarding 
this therapeiitic action 

Experiment 1 demonstrated the decreased mor- 
tahty and the longer survival time of treated as 
compared with untreated mice moculated mtra- 
pentoneally 

Experiment 2 showed that while comparable 
control groups gave remarkably umform results, 
extension of the period of treatment from 6 to 12 
days after infection (8 to 14 doses mcludmg those 
before mfechon) greatly enhanced the therapeutic 
effect 

Expenment 3 failed to demonstrate an effect of 
similar magmtude when virus was mstdled mtra- 
nasally Whereas when virus was injected mtra- 
pentoneally nitroakndm reduced mortahty con- 
siderably and mcreased mean-survival-time, more 
prolonged adrmmstration of the drug had less 


effect upon the number of deaths and none on the 
mean-survival-time of mice moculated intranasally 
Even so, a definite effect was apparent m additional 
groups of mice treated exactly as the others, except 
that they were killed on the 8th day after mtranasal 
moculahon and the focal lesions in the lungs 
counted The foci m the control (untreated) group 
of 30 animals numbered 68, while those in the 
treated group of similar size numbered only 28 
The other point estabhshed by Experiment 3 is 
that after mtrapentoneal injection of virus delays 
m beginmng treatment, of 48 and 96 hours respec- 
tively, resulted m a reduced favourable effect , even 
with the longer period .of delay, however, the 
tendency was towards more frequent or more pro- 
longed survival than m control mice Confirma- 
tory data on this point were obtamed m Expen- 
ments 4 and 5 The partial benefit conferred by 
delayed treatment dispelled the suspicion that the 
greater eflBcacy of mtroakndm against mtrapenton- 
eally admimstered virus might be attributed to 
direct machvation of the latter by drug still present 
in the abdominal cavity at the time of mjection 
Further evidence pomting to this conclusion wiU be 
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considered later In in vitfo expenments designed 
to elucidate its mode of action we found that con- 
centrations of the drug of from 1 10,000 to 
1 1,000 did not uiactivate the virus fully withm 
one hour , the mixtures still killed most of the mice 
inoculated, though with the 1 1,000 concentration 
the mcubation period of the disease was prolonged 
by one or two days 

In Experiments 4-6 the period of observation of 
the animals was extended and the effect of various 
doses of virus studied If a large dose of virus be 
given nO"^), nitroakridin is apparently capable only 
of increasing survival-time without preventmg ulti- 
mate death With a dilution of 10 and often 
10-^, a considerable therapeutic effect is Seen 
When the dose of virus is very small, however, 
there is a tendency towards rather poorer thera- 
peutic results, particularly evident in Experiment 6 
In that expenment, at the time when admmistra- 
tion of the drug ceased most of the controls were 
dead while nearly all the treated mice were ahve 
and apparently qmte well About a week later 
many began to sicken, and the final mortahty in 
this group was the same as among the controls 
This reactivation of the disease, which we have 
seen on several occasions, did not come wholly as 
a surprise, because we had previously discovered 
that treatment ■with mtroakridm does not eradicate 
virus from the mice , apparently'healthy animals 
prevented from dymg by such treatment carry fully 
virulent virus in a greatly enlarged spleen for at 
least a month. The fact that this reactivation tends 
to occur more often after small than after larger 
doses of virus would seem to ment further study , 
it recalls the recent observation of Peterson and 
Fox (1947) m tsutsugamushi disease treated with 
methylene blue that treatment may safely be dis- 

TABLE IV 

CHEMOTHERAPY OF PSITTACOSIS 

The effect of ■various doses of nitroakndm 

All treatments began 4 hours after intrapentoneal 
injection of ■virus 


Dosage of 
bitroakndin 

Number 
‘ of 
doses 

[ Mortality in groups 
of 30 mice 

Deaths 

Mean penod 
of survival 
in days 

2\one 1 



28 

72 

0 26 mg in 0 6 c c water 
once dail) 

13 

13 

21 4 

0 126 mg in 0 26 c c 
water twice dail> 

20 

21 

10 8 

0 1 mg in 0 26 c c water 
once daily 

13 

20 

ID 2 

0 6 mg m 1 0 c c water 
once e\ery three daj’s 

6 

21 

11 6 


continued sooner after a massive infecting dose 
than after a smaller one 
Table IV shows the effect of varying the dosage 
of mtroakridm , the best results appear^ to follow 
a dose of 0 25 mg given once daily 
In Table V the effect of giving virus and'drug by 
different routes is shown It appears that mtra 
venous administration of the drug is more effective 
against intraperitoneally inoculated virus than is 
mtraperitoneal medication Medication by the 
latter route, however, clearly has an effect on both 
intrapentoneal and intravenous infections These 
observations furnish additional support for the con- 
clusions reached previously, viz , that the action 
of nitroakndm is not purely a local one in the 
pentoneal cavity 

TABLE V 

CHEMOTHERAPY OF PSITTACOSIS 

The effect of varying the route of administration of 
virus and of nitroakndm 

Infecting dilution of virus Kk* All treatments 
began 4 hours after injection of ■virus and continued 
daily for 16 doses Animals observed for 37 days 




Mortality in groups of 30 mice 

Inoculation 
of auruB 

Injection 
of drug 

Treated mice 

Untreated mice 

Deaths 

Mean 
pencxi of 
survival 
in days* 

Deaths 

Mean 
penod of 
sumval 
indajs* 

intrapen 
toneal I 

intrapen 

toneal 

20 

12 9 

28 

11 8 

intrapen 

toneal 

intraven- ' 
ous 

8 

17 0 

, 



intraven- 

ous 

intrapen 

toneal 

17 

17 6 

23 

13 6 


* From tune of moculating i irus 


Fmally we made several compansons of the acti 
vity of nitroakndm and other -chemotherapeutic 
substances Table VI presents the results of one 
such expenment With our stram of psittacosis virus 
sulphadiazme and sulphamezathme consistently 
failed to prevent death and usually prolonged but 
slightly the mean penod of survival , sometimes 
sulphadiazme appeared to be the more active, at 
other times sulphamezathme In the expenment 
shown m Table VI, nitroakndm, while faihng to 
influence the final mortahty, increased considerably 
the mean penod of survival It was, however, not 
nearly as efficacious as penicillm, though even after 
18 days of therapy ■with this substance virus was 
not eradicated , many of the mice, apparently well 
throughout the penod of therapy, began to sicken 
and die five to ten, days after- treatment was 
discontinued 
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TABLE VI _ - 

CHEMOTHERAPY OF PSITTACOSIS 

Comparison of nitroakndm with other chemo- 
therapeutic substances 

Dosing began one hour after mtrapentoneal mjection 
of virus and contmued for 18 days Ammals were 
observed for 35 days 


Mortilitv m -groups of 30 mice 



Deaths 

Mean penod 
of survival 
in days 

Controls 

1 26 

8 3 

Sulphadiazme 

- {6 mg /20 g twice daily, orally) 

28 

9 2 

Sulph ameza thine 

(5 mg /20 g twnce daily, orally) 

26 

8 7 

Nitroakndm 

(0 25 mg /20 g once daily, i p ) 

29 

12 4 

Penicdlin 

(500 umts/mouse 4 times daily, 

ip) 

19 

23 8 


(d) Lymphogranuloma venereum* 

Our observations with this virus supply the data 
for Table VII Virus inoculated mto the yolk-sac 
killed all untreated embryos within 8 days, and 
most by the 6th day A dose of 0 5 mg mtroakndin 
injected mto the yolk-sac two hours after virus 
killed a number of embryos withm the first 24 
hours Of the remainder a few survived to the 20th 
day, while most of those dymg did so at a later 
stage than the controls A dose of 0 25 mg per 
egg resulted in no toxic effects but all embryos 
succumbed to l 3 Tnphogranuloma, albeit more 
slowly than the controls Thus, agamst lympho- 
granuloma m chick-embryos mtroakndm exhibits 
moderate chemotherapeutic activity 

• AlternaUvely known as lymphogranuloma inguinale and clunatic 
bubo 


Comment 

It IS well known that the virus of lymphogranu- 
loma venereum is susceptible to chemotherapeutic 
attack by many sulphonamides MacCallura and 
Findlay (1938), Findlay (1940), Jones, Rake, and 
McKee (1941), Rodamche (1942), Felton, Hebb, 
and Oliphant (1943X van den Ende and Lush (1943) 
and others have dealt with vanous aspects of their 
action against the expenmental disease in mice, 
and Meiklejohn, Wagner, and Beveridge (1946) m 
the chick-embryo The last authors also showed 
that pemcillm inhibited growth of this virus in the 
yolk-sac 

Reports of the activity of the commoner anti- 
bacterial agents agamst the psittacosis virus have 
not been unanimous Rudd and Burnet (1941) 
failed to demonstrate m mice a therapeutic action 
of several sulphonamides, though Wiseman, 
Meiklejohn, Lackman, Wagner, and Bevendge 
(1946) and Early and Morgan (1946b) found sul- 
phadiazine to be effective m mice, and Meiklejohn, 
Wagner, and Bevendge (1946) and Early and Mor- 
gan (1946a) in eggs Heilman and Herrell (1944), 
Bedson and May (1945), Meiklejohn et al (1946), 
Wiseman etal (1946), and Early and Morgan (1946a 
and b), using mice, developing eggs, or tissue- 
cultures, have all observed activity on the part of 
pemciUm The last-named authors noted that the 
antibiotic was less effective agamst mtranasal than 
agamst mtravenous infection m mice, and ineffec- 
tive agamst intracerebral inoculation , oral sul- 
phadiazme was apparently less effective against 
mtrapentoneal than agamst mtravenous or respira- 
tory infection 

Mauer (1938) reported that trypaflavm exerted a 
beneficial action m mice infected with psittacosis 
With this exception the present appears to be the 


TABLE Vn / 

EFFECT OF NITROAKRIDIN ON CHICK-EMBRYOS INFECTED WITH LYMPHOGRANULOMA VENEREUM 


Exp 

Dose 
per egg 
mg 

Results in groups of 1 5 eggs 

Treated 

Untreated 

Non- 

specific 

deaths 

Specific 

deaths 

Survived 

Mean period 
of survival 
m days! 

Non- 

specific 

deaths 

Specific 

deaths 

Survived 

Mean penod 
of survival 
m daysf 

1 

0 50 

4 

8 

3 

9 9 

0 

15 

0 

65 

2 

0 50 

6 

7 

2 

80 

0 

15 

0 

54 

3 

0 25 

0 

1 

15 

0 

7.6 

0 

15 

0 

40 


t Of embryos dymg specifically 
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first record of the activity of an acridine compound 
against viruses of the psittacosis — lymphogranu- 
loma group 

We have shown that mtroakridin 3582 (HocKst) 
IS moderately active against the viruses of psitta- 
cosis in mice and lymphogranuloma venereum m 
developing chick-embryos Agamst our stram of 
psittacosis virus it appears more active than sul- 
phadiazine or sulphamezathine (which indeed have 
only slight therapeutic properties) and much less 
active than pemcilhn It is less active agamst 
intranasal than agamst mtrapentoneal or intra- 
venous mfections 

Nearly all authors, mcludmg Rodamche (1943), 
agree that treatment with current antibacterial 
agents does not stenhze mfections with these 
viruses, and that despite chmcal improvement or 
survival the animals contmue to harbour fully 
virulent virus In our expenments we have con- 
firmed this observation for psittacosis and 
mtroakndm , we have further observed that after 
treatment for as long as 18 days vwth mtroakndm 
or peniciUm apparently healthy survivors' are apt, 
a week or more later,' to develop symptoms of 
psittacosis and die 

SUMMAR\ 

Nitroakridm 3582 (Hochst) possesses moderate 
therapeutic activity agamst the viruses of psittacosis 
and lymphogranuloma venereum It is more active 
than sulphadiazme and sulphamezathme but less 
active than pemcilhn A week or more after the 
termmation of a prolonged course of either mtro- 
akridm or pemcilhn mice which have apparently 


been enabled successfully to withstand infection 
with psittacosis virus frequently develop symptoms 
and die This observation a'ccords with the general 
experience that the common antibactenaNagents, 
while suppressmg mfections with viruses of the 
psittacosis-lymphogranuloma group, do not eradi- 
cate virus, which may still persist m a fully virulent 
state 

'lam mdebted to Prof S P Bedson for the strain of 
psittacosis virus used in this work (M O H 154) 


References 

Bedson, S P , and Jlify, H B (1946) Lancet, 2, 394 
Early, R L , and Morgan, H R (1940a) J Idiiiiuiw! , 53, 
161 

Early, R L , and Morgan, H R (1940b) J Immunol, 63, 
261 

Felton, L D , Hebb, A , and Ohphant, J W (1943) Ghent 
Absir 37, 1197 _ 

Findlaj, G M (1940) Lancet 2, 682 
Green, R H , Rasmussen, A F , and Smadel, J E (1940) 
Pub Hlth Rep U S Pub HIth Service, 61, 1401 
Heilman, F R , and Herrell, W E (1944) Proc Mayo 
Cltn , 19, 67 

Jones, H P , Rake, G , and McKee, C M (1941)' Proc Soc 
exp Biol Med, 48, 318 

MacCallum, F O, and Findlay, G M (1938) Lancet, 2, 
136 

Mauer, G (1938) Zbl Bakt (1 Abt Orig ), 142, 279 
Meiklejohn, G , Warner, J C , and Beveridge, G W (1946)_ 
J Immunol , 64, 1 

Peterson, O L, and Fox, J P (1947) J exp Med , 85, 
643 --v 

Rodaniche, E C (1942) J infect LHs , 70, 68 

Rodamche, E C (1943) J infect i5»s,73, 173 

Rudd, G V , and Burnet, F M (1941) Aust J exp Biol 
med Sci , 19, 33 

Smadel, J E , Snyder, J C , Hamilton, H L ,-Fo\, J P i 
and Jackson, E B (1946) Fed Proc , 6, 264 
van den Ende, M , and Lush, D (1943) / Path Bad , 65, 

81 

Wiseman, R W , Meiklejohn, G , Lackman, D B , Wagner, 
J C , and Beveridge, G W (1940) J Immunol , 54, 9 



Bnl J Pharmacol (1948), 3, 187 


THE .TOXIC PRINCIPLE OF COURBONIA VIRGATA ITS 
ISOLATION AND IDENTIFICATION AS A 
TETRAMETHYLAMMONIUM SALT 

BY 

A J HENRY . 

From the Wellcome Chemical Laboratories, Sudan Medical Service, Khartoum 

(Received November 6 1947) 


A tuberous root submitted for examination 
from the Southern Sudan as havmg been concerned 
la the death of two women and smee identified at 
Kew as Courboma virgata A Brongtt , a member 
of the Capparidaceae, has been found to (xintam a 
toxic prmciple of an unusual nature 
The highly tome nature of the root was immedi- 
ately confirmed by oral a dmini stration of aqueous 
extracts to rabbits, but prelimmary exammation 
for alkaloids yielded negative results and no 
evidence could be found for the presence of a 
glucoside Purification of the aqueous extract by 
treatment with basic lead acetate was found, by 
toxicity tests, to leave the toxic prmciple m solu- 
tion, and It was observed that the punfied solution, 
after removal of excess lead with hydrogen sul- 
phide, gave an immediate precipitate of well- 
formed dark green crystals with a metalhc lustre 
on addition of Wagner’s reagent (lodme m potas- 
sium iodide) This crystalhne preapitate contamed 
free lodme, and was evidently the periodide of a 
base On treatment with hot water it slowly dis- 
solved with hberation of free lodme, which could 
ultimately be dnven off completely After repeated 
evaporation of the resultmg solution to dryness, 
baking at 100° C and takmg up with water, fol- 
lowed by fractional crystallization, the iodide of 
the base was finally obtained in pure form as 
colourless, well-formed crystals Injection of an 
aqueous solution of this salt mto rabbits and mice 
showed it to be highly toxic and to produce 
symptoms closely similar to those produced by the 
aqueous infusion of the root which had been 
originally tested The above treatment of the 
material had therefore successfully isolated, m the 
form of Its iodide, the mam toxic pnnciple present 
m the root Analysis of the penodide, re-formed 
from the punfied iodide, has shown it to approxi- 
mate to the formula BI I« 


In conformity with the results obtamed on the 
origmal root extract, it was shown that the base is 
not precipitated on alkahmzation of a solution of 
the iodide 'with ammoma or caustic soda, and is 
not extracted from alkalme solution by the usual 
orgamc solvents , this indicated a base of an un- 
usual type, most probably contammg a quater- 
nary mtrogen atom Moreover the action of silver 
hydroxide on the iodide produced a strongly 
alkalme solution the conductivity of which was as 
high as that of a solution of caustic soda of equiva- 
lent concentration, and which, on evaporation to 
dryness, yielded a very hygroscopic sohd 

The iodide is very stable to heat Up to about 
400° C there was httle sign of meltmg or sublima- 
tion, but on further heatmg an oily sublimate was 
produced An aqueous solution of the iodide was 
neutral, optically inactive, non-fluorescent, odour- 
less, and appeared to be quite stable Analysis of the 
iodide was not possible here owmg to lack of 
faculties for carrymg out combustions Even a 
satisfactory estimation of mtrogen could not be 
carried out, as the compound either shows an 
extraordinary resistance m the^-Kjeldahl analysis 
(even with a mercury-selenium catalyst) or loses 
mtrogen dunng the digestion In consequence, a 
specimen of the salt was submitted to Dr Harold 
Kmg of the National Institute for Medical Re- 
search, Hampstead, and I am deeply mdebted to 
him for its identification as tetramethylammomum 
iodide (Found C, 244, H, 60, N, 68, I, 626 
Calc for C*H„NI C, 23 9, H, 60, N, 70, 
I, 63 1 per cent) Its picrate melted with decompo- 
sition at 315° C as did an authentic specimen, and 
a mixture of the two showed an identical 
behaviour 

This is the first occasion on which- a salt of 
tetramethylammomum hydroxide has been found 
m the vegetable kingdom Ackermann, Holtz, and 
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Reinwein (1923) found it in the animal kingdom m 
a sea-anemone {Actinia equma) and gave it the 
name tetramme 

As a quahtative test for the toxic pnnciple of 
C virgata (tetramme) the crystalhne precipitate 
which It produces with Wagner’s reagent can be 
used From warm, dilute solutions, either acid or 
neutral, the penodide rapidly separates as well- 
shaped rhombic crystals which are readily recog- 
nizable under the microscope By this means it 
has been shown that tetramme also occurs in the 
thick, scaly shoots of the superstructure of the 
plant, and m the leaves of the subsidiary shoots 
Its presence m the shoots and leaves of the speci- 
men sent to Kew was confirmed m the same way 
Another specimen of leaves submitted from the 
South for identification purposes, and reputed to be 
of the same species as that involved m the fatali- 
ties, was identified at Kew as being Osyris com- 
pressa (Berg ) A DC , “ absurdly like 
C virgata m the sterile state and could very easily 
be confused with it m the field ” A punfied extract 
of these leaves failed to give crystals of any sort 
with Wagner’s reagent From the mcomplete data 
at present available it is eshmated that the fresh 
root of C virgata contams about 0 2 per cent of 
the toxic base, and that about 0 25 g of the base, 
taken orally, has proved a lethal dose for adult 
human beings, death occurrmg within an hour 
The victims “ did not vomit but appeared 
drunk They threw their arms about, babbled in- 
coherently, and were difficult to control ” Subcu- 
taneous injection mto mice showed the lethal dose 
of the iodide, by this route, to be 0 5-1 0 mg per 
25 g mouse, the observed symptoms being convul- 
sive spasms, collapse, and death within 30 minutes 
Intravenous injection of 8 mg of the iodide into 
a rabbit caused death withm two minutes With 
rabbits some contraction of the pupils has been 
observed pnor to death Dady^ sub-lethal doses 
(0 25 mg ), dunng which 5 mg were admimstered 
subcutaneously, failed to confer any immumty on 
a mouse or to reveal any cumulative action of the 
poison, as, at the end of the_ senes of injections,^ 
the" mouse was badly shocked by mjection of 1 mg 
and four days later was kiUed withm two minutes 
by mjecbon of 2 mg 

From these results it is evident that C virgata 
IS to be classified as a relabvely highly toxic plant. 


and from the toxicologist’s point of view failure 
of the toxic principle to be extracted from^alkahne 
solution by orgamc solvents is important Unless 
Its presence is suspected, and its properties known. 
It might easily be ovwlooked After addibon of 
0 02 g of the iodide to 200 g of macerated hver 
the normal Stas-Otto procedure for recovery of 
alkaloids from ' such matenal yielded an aqueous 
solution of the toxic pnnciple which, after further 
purificabon with basic lead acetate, gave an excel- 
lent positive result with Wagner’s reagent The 
hver of the rabbit killed by intravenous mjection 
of 8 mg of the iodide failed to give a definite 
positive result on application of this procedure 
The toxic properties of C virgata appear to be well 
known to the natives of the areas where the plant 
occurs (eg, it is said to be used for poisoning 
hyenas), so that its toxicotogicat aspect, about 
which nothmg was previously known, is likely to 
prove important in such regions The plant is 
known to occur in northern Uganda, north-eastern 
Kenya, and parts of French Equatorial Africa, as 
well as in the Southern Sudan 

A solution of tetramme iodide (1 part per 1,000) 
was tested for bactenostahc action against 
Staphylococcus aureus, S typhosus, Proteus pro- 
teits, Ps pyocyaneus, and B subtilis, with negative 
results m each case It has not been possible to 
have trypanocidal tests earned out here, but pre- 
hmmary insecticidal tests show that it appears to be 
an effective stomach poison for house-flies 

N 

The worked desenbed herein has involved much 
help and co-operation from a number of sources The 
author therefore wishes to express grateful acknow-" 
ledgment to the Keeper of the Herbanum and 
Library, Royal Botanic Gardens, Kew, for botanical 
identifications and information , to Drs E S Jlorgan, 
R Kirk and M H Sati, and Mr J D Lewis, of the 
Stack Medical Research Laboratones, for carrying out 
the biological tests , to the Distnct Commissioner, 
Yirol, for providing matenal , to Mr D N Gnndley 
and Riad Eff Mansour for much assistance on the 
chemical side , and to the Director, Sudan Medical 
Service, for permission to pubhsh this communication 
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INJECTIONS OF ADRENALINE AND NORADRENALINE, 
AND FURTHER STUDIES ON LIVER SYMPATHIN 
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It fs fairly generally conceded that adrenahne 
injected into the portal vein of mammals causes 
a smaller rise of blood pressure than when injected 
into the saphenous, femoral, or jugular vems This 
difference between the two modes of admmistra- 
tion IS less when a large amount of adrenahne is 
used and it has been shown many times (for 
references see Dawes, 1946) that it persists when 
the injection is made very slowly so that it cannot 
be attnbuted to retardation of the release of 
adrenaline into the general circulation One ex- 
planation is that the liver destroys adrenahne, and 
that the rise of blood pressure after intraportal 
injection depends on the amount of adrenaline 
escaping into the general circulation 

The theory that the substance liberated on stimu- 
lation of the hepatic nerves m the cat is noradrena- 
line or some similar substance was put forward by 
Bacq (1934) and by Stehle and Ellsworth (1937) 
Greer, Pinkston, Baxter, and Brannon (1937, 1938) 
have also considered noradrenahne as a possible 
sympathetic mediator, and have compared the 
effects of hepatic nerve stimulation (hberating pre- 
sumably pure sympathin E) with those of injections 
of adrenalme and noradrenaline m the same 
animal In a similar series of expenments, Gad- 
dum and Goodwin (1947) found no evidence 
against the theory that hver sympathm is norad- 
renahne It was of interest, therefore, to observe the 
effects resulting from intraportal, intrajugular, and 
mtra-artenal injections of /-adrenahne and (//-nor- 
adrenahne in the same animal In the expenments 
described below, the activities of the two amines 
were compared quantitatively with one another by 
these routes with the object of ascertaimng their 
site of action and fate It was hoped, also, to 
obtain further evidence of the similanty of action 
between injections of noradrenahne and hepatic 
nerve stimulation 

Dawes (1946) showed that the pressor action of 
adrenaline injected into the portal vein of a spmal 
cat was both increased and prolonged by the simul- 


taneous mjection of aromatic diamidmes and 
monoamidmes, of ahphatic diguamdmes, diami- 
dmes and monoamidmes, and of guanidine itself 
This work has been repeated for guamdine, and 
extended to include the effect of guanidine upon 
the injection of noradrenahne and hepatic nerve 
stimulation Similar experiments with cocaine and 
ephedrine have also been included 

- Methods 

In different experiments, spmal cats, cats anaesthe- 
tized with chloralose or urethane, and rabbits under 
urethane or pentobarbitone were used Blood pressure 
records were taken from the carotid artery and injec- 
tions of the drugs made into the femoral, jugular, or 
splenic veins, or mto the external iliac artery so that 
the injected solution passed mto the vessels of the 
opposite leg In some experiments, injections were 
made into one of the two main splenic artenes Con- 
tractions of the nictitatmg membrane were recorded 
isotonically, 7-10 days after denervation by removal 
of the superior cervical ganglion 

The uterus was fixed at its lower end and its move- 
ments recorded directly Movements of the duo- 
denum were recorded by tying off a segment which 
was filled with warm saline and connected by a 
cannula and rubber tubing to a bottle, the upper part 
of which contained air and was connected to a piston 
recorder Solutions of /-adrenaline and (//-noradrena- 
line were prepared from the pure bases with 7// 100 
HCl 

The hepaUc nerves were separated from the hepatic 
artery and divided centrally They were stimulated 
by means of platinum electrodes and an ordinary coil 
In most of the experiments with liver sympathin, 
cocaine hydrochloride (8 mg /kg) was given intra- 
muscularly 

Results 

In confirmation of Dawes (1946), it was found 
that the relation between doses of adrenaline pro- 
ducing equal rises of blood pressure by the jugular 
and by the portal routes differed according to the 
amount injected The results shown m Table I are 
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TABLE I 

COMPARISON OF EQUI-PRESSOR DOSES OF /-ADRENALINE 
AND ^//-NORADRENALINE BY THE INTRAPORTAL AND 
INTRAJUGULAR ROUTES IN CATS 


Drug 

Intra 
portal 
injection 
(A) lig 

Intra- 
jugular 
injection 
(B) Pg 

Portal (A) 

Blood 
pressure 
rise ' 
mm Hg 

Ju^ar 

1 

10 

2 

5 0 

19 

adrenalme 

20 

e 

40 

40 


40 

12 6 

3 2 

83 


80 

27 6 

2 9 

124 

dl nor 

10 

6 

2 0 

41 

adrenaline 

20 

8 

2 6 

66 


40 

17 6 

2 3 

96 


80 

40 

2 0 

120 


the mean values for 10 cats , it will be seen that 
when the dose of adrenahne mjected into the portal 
vem IS large, proportionately more reaches the 
general circulation through the hepatic vems and 
the ratio of portal to equi-pressor jugular dose 
decreases On the other hand, the correspondmg 
ratio with noradrenahne remains fairly constant 
Why is this difference present? It is well known 
that both amines, bemg derivatives of phenyl- 
ethylamme, are readily destroyed by the hver 
amme oxidase in vitro 

A similar ’ result was found m rabbits imder 
urethane (Table IT) although the ratios of portal 
dose to equi-pressor jugular dose for adrenalme 
have always been higher than m the cat For the 
jugular route in rabbits, adrenalme was found to 
be a much more active pressor agent than nor- 
adrenahne, a fact clearly shown when all the results 
are plotted graphically (Fig 1) Great similatity 
exists between equi-pressor doses of adrenalme and 
noradrenahne by jugular or splemc vem m the cat 

TABLE n 

COMPARISON OF EQUI-PRESSOR DOSES OF /-ADRENALINE 

AND <//-NORADRENALINE BY THE INTRAPORTAL AND 
INTRAJUQULAR ROUTES IN RABBITS 


Drug 

Intra- 
portal 
injection 
(A) pg 

Intra- 
jugular 
injection 
(B) Pg 

Portal (A) 

Blood 

pressure 

rise 

mm Hg 

Jugular 

(B) 

1- 

26 

2 

12 6 

24 

adrenaline 

60 

4 

12 6 

36 


100 

"10 

10 0 

- 64 


200 

26 

8 0 

-80 

dl nor 

26 

10 

2 6 

17 

adrenaline 

60 

20 

26 

24 


100 

33 

3 0 

36 


200 

76 

2 7 

48 


300 

1 

100 

30 

60 



the great similarity between corresponding doses m 
the cat, and a wide margm between mtrajugular 
- doses of the two ammes in the rabbit 

(the dotted hpes), but a wide margm is mdicated 
between eqm-pressor doses by jugular vem 
m the rabbit Barger and Dale m 1910 pomted 
out that adrenahne and other similar methylanuno- 
bases had the property of exaggeratmg inhibitor 
as compared with motor effects,- whereas the 
ammo- and ethylammo- bases, mcludmg noradren- 
alme, possessed excitor with little or no inhibitory 
actions They also noted that a dose of ergotoxine 
^sufficient to reverse the pressor effect of adrenahne 
m the spmal cat did not reverse that of noradrena- 
Ime The observations reported here may be 
finked with the fact that m the rabbit, m con- 
trast to the cat, there appears to be no sympathetic 
depressor component capable of bemg unmasked 
by blocking agents such as ergotoxme (Cannon and 

TABLE m 

RATIO OF DOSE OF «// NORADRENiOJNE PRODUCING A 
RISE OF BLOOD PRESSURE OF 48 MM HG TO EQUI 
ACTIVE DOSE OF /-ADRENALINE BY THE TWO ROUTES 


Animal 

No 

Preparation 

Mean 
imtial 
blood 
pressure 
mm Hg 

Dose ratio 
idl ndradrenallne 

1 adrei 

intra- 
j portal 

aaline 

intra 

jugular 

Cat 

6 

Chloralose 

118 

0 8 



2 

Urethane 

66 

1 6 

■iH 

1 

3 

Spmal 

62 

1 8 


Rabbit 

2 

Urethane 

66 

2 0 

80 
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Fig 2 — Spinal cat 2 5 kg 
Blood pressure record 
All injections into the 
portal circulation , 5 mg 
guanidine carbonate (G) 
greatly increases the 
pressor action of 20 jig 
adrenaline (A) but scarce- 
ly affects the pressor 
action of 20 jtg nor- 
adrenaline (N) 


Lyman, 1913), and inconsequence the ratio of dose 
of noradrenaline to equi-pressor dose of adrenalme 
in rabbits is higher than that found in cats On 
the other hand, the difference may be related to the 
mitial blood pressure level For example, as 
Table III shows, jn cats under urethane with low 
blood pressures, noradrenalme is less active than 
adrenalme, whereas m cats under chloralose with 
high blood pressures, it is more active by both 
routes '• 

The potentiation of adrenaline injected into the 
portal circulation 

Dawes showed that mtraportal injection of 
amidines and guanidines into spinal cats mcreased 
the pressor action not only of mtraportal 
adrenahne but also (and equally well) of the more 
active sympathomimetic amines, such as corbasil, 
epmme, and noradrenahne I have used guanidine 
only as the potenPatmg agent, and have compared 
its effect on adrenalme injections with that on 
noradrenalme mjebtions Fig 2 shows the poten- 
tiation of 20 jxg adrenalme, mjected into the portal 
vein of a spinal cat, by 5 mg guanidine mixed m 
the same syrmge On mtrajugular injection, 5 mg 
guanidine itself had no significant effect on blood 
pressure and showed little or no potentiation of 
5 Jig of adrenahne There is therefore a stnkmg 
difference between the action of guamdme on 
adrenaline mjected by the portal vein and by the 
jugular vem Dawes suggested that the reduction 
of the inactivation of adrenalme m the liver by 
guamdme and amidine derivatives was not due to 
inhibition of mono-amine oxidase, but might be 
due to some interference with the uptake of adren- 


ahne by the hver cells which prevented it reaching 
the enzyme 

When these experiments were repeated with 
noradrenahne, no such potentiation was noted with 
mtraportal doses of guamdme (Fig 2) or with m- 
trajugular doses of guamdme The mactivation 
of mtraportal doses of noradrenahne therefore is 
unaffected by the simultaneous injection of mtra- 
portal doses of guamdme Similar results were 
recorded m cats under chloralose or urethane and 
m rabbits under urethane, so that this fact is inde- 
pendent of anaesthetic and is not confined to one 
species Dawes showed that if a short interval of 
time was left between the injection, of the guani- 
dine and thaT^of adrenalme the potentiation was 
less and that it disappeared altogether if the mter- 
val was ten minutes It is possible that the slower- 
acting noradrenahne may reach the enzyme when 
the guamdme is partially mactivated Alterna- 
tively, the hver cells may mactivate noradrenalme 
slowly, especially as it may be that the substance 
liberated on stimulating the hepatic nerve m the 
cat is noradrenalme and not adrenahne (Bacq, 
1934) 

The action of guanidine on intra-arterial injection 

It is well known that the mjection of adrenalme 
into the femoral artery causes a much smaller rise 
of blood pressure than mtrajugular or mtrafemoral 
injection Thus m spinal cats with a cannula m 
the external ihac artery (so that the mjected solu- 
tion passed mto the vessels of the opposite leg), 
12 /ig adrenalme were required on mtra-artenal 
injection to cause the same rise of blood pressure 
as 2 Jig adrenahne by the jugular vem As with 
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TABLE IV 

COMPARISON OF EQOI-PRESSOR DOSES OF /-ADRENALINE _ 
AND C//-NORADRENALINE BY THE INTRA-ARTERIAL AND 
INTRAJUGULAR ROUTES IN SPINAL CATS 

Cannulae m the external iliac artery and jugular vein 


Drug 

Intra- 
artenal 
injection 
(A) txg 

Intra 
jugular 
injection 
(B) fig 

1 

Artenal (A) 

Blood 

pressure 

nse 

mm Hg 

Jugular 

(B) 

1 

12 

2 

6 0 

28 

adrenaline 

25 

5 

5 0 

49 


40 

16 

2 6 

76 

dl nor 

10 

2 

6 0 

29 

adrenaline 

15 

6 

3 0 

43 


40 

16 

2 5 

62 


the splenic vein injections, however, the ratio of 
equi-pressor doses by the two routes slowly 
decreased as the blood pressure rise increased 
(Table IV) When noradrenaline was injected 
similarly, ratio values slowly decreased, in con- 
trast to fairly constant values after splemc vein 
injections It follows that the mactivahon pro- 
cesses of adrenaline and noradrenaline are very 
similar in the hmb muscle vessels Guamdme did 
not reduce the inactivation of either adrenaline or 
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Fig 3 — ^The effect on the blood pressure of 10 /ig 
adrenahne (A) and 10 /ig noradienahne (N) injected 
into the splenic artery of a chloralosc cat 



Fig 4 — Cat Chloralosc 3 0 kg Blood pressure 
record The effect of adrenaline injected into the 
splenic artery Note that the vasodepressor com- 
ponent of 20 jxg IS similar to that of 80 /ig , but that 
the latter effect is more prolonged 

noradrenahne when injected simultaneously into 
the femoral artery In several ammals^ even a 
depressed action was noted If vasodilatation 
caused' by guanidine was the principal cause of 
potentiation m the liver, then one would expect a i 
jjotentiation on artenal injection. This does not 
occur and hence small doses of guamdme do not 
exert an effect on limb jnuscle vessels 

When mjected mto the artery supplying the_ 
caudal end of the spleen, adrenaline m small doses 
caused a small nse followed by a large fall m blood 
pressure, quite similar to the effect of mjecting 
crude cattle spleen extracts into the jugular vein 
of cats under chloralosc (Euler, 1946a) This 
depressor component was not completely abolished 
by intra-artenal -doses of atropine, nor was it aug- 
mented by eserine Benadryl in a dose of 0 5 mg 
ehmmated the depressor action of adrenahne at a 
time when the normal histamine response (10 /ig ) 
was neutrahzed It suggests, therefore, that the 
mjection of adrenahne caused a liberation of hista- 
mine in the spleen, but more work must be com- 
pleted before a definite conclusion can be reached 
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Fig 5 — Chloraloss cats 

Blood pressure records 
After 1 mg cocame 
hydrochlonde iiyected in- 
to the splenic vem (S V ) 
12 /ig adrenalme mtra- 
portally is augmented, 
but not 3 /zg adrenalme 
and 3 /xg noradrenaline 
mtrafemorally (F V ) or 
6 fig noradrenalme in- 
traportally 


Noradrenaline, on the other hand, produced a pure 
rise of pressure at all dose levels (Fig 3) 

This effect of adrenaline on the blood pressure 
IS very striking It is possible, by using small doses 
intravenously, to obtain part of the effect (see 
Gaddum and Goodwm), but the dilatation follow- 
ing injection of 80 fig mto the splemc artery is in- 
creased m length but not in depth, when compared 
with that after 20 /xg adrenaline (Fig 4), whereas 
large doses intravenously produce pure vasocon- 
striction In addition, these effects are independent 
of the anaesthetic, since comparable results have 
been obtained in cats under ether or chloralose It 
is worthy of note that the latent period of nor- 
adrenahne injections is more than three tunes that 
of adrenalme by splemc artery, and this may indi- 
cate that the active adrenergic raatenal in the 
spleen is not noradrenahne, which may have to be 
methylated or altered before it is effective A 
similar longer latent period with noradrenaline 
than with adrenahne has already been noted (West, 
1947a) 

Intra-artenal doses of guamdine almost com- 
pletely removed the depressor component of adren- 
ahne, leaving the vasoconstrictor action, but had 
no effect on the noradrenahne response When 
compared m the same cat under chloralose, equi- 
pressor responses were produced by 80 fig of nor- 
adrenahne by splemc artery and 20 fig by splemc 
vem (a ratio of 4 1), and by 300 fig of adrenaline" 
bv splemc artery and 40 fig by splenic vem (a ratio 
of 7 5 1) Thus noradrenahne is a much more 
potent pressor agent by splemc artery than adrena- 
lme, and m addition relatively more adrenahne 
than noradrenahne is inactivated in the spleen 

The action of cocame and ephednne 

Expenments similar to those reported for guani- 
dine were completed with 1 mg doses of cocame 


hydrochlonde and 100 to 150 ng doses of ephe- 
drme hydrochlonde Fig 5 shows the potentia- 
tion by mtraportal doses of cocame of intraportal 
but not intrafemoral adrenahne, and an absence 
of potentiation of mtraportal noradrenahne This 
supports the theory that the mactivation of nor- 
adrenahne m the liver is a slow process and is not 
affected by the simultaneous adrmnistration of 
substances such as guamdine and cocame m small 
doses As is well known, cocame was found to 
enhance both adrenahne and noradrenalme 
responses when given by the same routes intra- 
jugularly and mtra-arterially (Table V) When 

TABLE V 

THE EFFECT OF INTRAVENOUS AND INTRA-ARTERIAL 
GUANIDINE AND COCAINE ON THE PRESSOR ACTIONS 
OF /-ADRENALINE AND ^/-NORADRENALINE INJECTED 
BY SIMILAR ROUTES INTO CATS 


A = adrenaline norA = noradrenahne 
+ = potentiation 0 = no potentiation 
Dose of guamdine was 5 mg and that of cocame 
was 1 mg 



used in larger doses, all adrenahne and noradrena- 
hne responses (including mtraportal noradrenalme) 
were enhanced Ephednne was an effective en- 
hancing agent by all routes Thus, there are three 
types of potentiatmg agent used m this work (a) 


y 
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TABLE VI 

THE ACTIONS OF ^/-NORADRENALINE AND /-ADRENALINE, INJECTED INTO THE PORTAL AND JUGULAR VEINS, ON 
THE BLOOD PRESSURE, DENERVATED NIcnTATING MEMBRANE, GUT AND PREGNANT UTERUS OF TWO CHLORALOSE 
' CATS COCAINE HYDROCHLORIDE (8 MG /KG ) WAS GIVEN INTRAMUSCULARLY 

-f 4- = large effect 4- = moderate effect 0 = no effect 


Route of 
mjection 

1 

Dmg 

Dose 

t^S 

Mean blood 
pressure rise 
mm Hg 

Nictitatmg 
membrane rise 
mm 

Relaxation 
of gut 

Conbaction 
of uterus 

Splemc vem 

Adrenalme 


70 ' 

15 

4-4- 

4-4- 

Noradrenalme 


68 

13 

4- 

+ + 

Jugular vem 

Adrenalme 

5 

70 

12 

4-4- 

- 4-4- 

Noradrenabne 

4 

69 

' 5 

0 

0 


ephedrine, acting generally in the body and prob- 
ably impeding or preventing enzyme inactivation 
processes when used in certam concentrations , 
(fo) cocame, acting m a manner similar to that of 
ephedrine but not enhancmg mtraportal doses of 
noradrenabne when itself given mtraportally in 
small doses , and (c) guamdme, possibly actmg 
dnectly on the liver cells preventing penetration of 
adrenalme to the amine oxidase, at the same tune 
producing no potentiation of mtraportal nor- 
adrenalme 

The effect of adrenaline and noradrenaline on other 
organs m vivo 

Records were taken of the actions of the two 
ammes on the blood pressure, gut, uterus, and 
denervated mctitating membrane of two pregnant 
cats The results of equi-pressor doses by the 
splenic and jugular vems are shown m Table VI 
It is of interest to note that noradrenabne by splenic 

TABLE Vn 

THE ACTIONS OF ^/-NORADRENALINE AND /-ADRENALINE 

BY THE intraportal AND INTRAJUGULAR ROUTES ON 

THE BLOOD PRESSURE, GUT, AND NON-PREGNANT 
UTERUS OF TWO SPINAL CATS 

Cocaine hydrochloride (8 mg /kg ) was administered 
mtramuscularly 

4-4- = large relaxation 4- = defimte but smaller 
relaxation 0 = no effect 


Route 

of 

injection 

Drug 

Dose 

i“g 

Mean , 
blood 1 
pressure 
rise 

mm Hg 

Relaxa 
tion of 
gut 

Relaxa 
tion of 
uterus 

Intra 

portal 

Adrenaline 

Nor 

10 

62 

+ 4- 

4-4- 

adrenaline 

18 

60 

+ 4' 

4- 

Intra- 

jugular 

Adrenaline 

Nor 

4 

66 

+ 

4'4- 

adrenaline 

6 

66 

1 slight 

0 


vein exerted its effects on the membrane, gut, and 
uterus, 1 e , It showed excitor and inhibitor actions, 
yet an equi-pressor dose by jugular vein gave very 
feeble acbons It is possible that part of the 
exogenous noradrenaline may be converted to 
adrenahne m the liver by N-methylatioru Similar 
results were shown m two spinal non-pregnant 
cats, mtraportal doses of noradrenabne bemg 
rather more acUve on the gut than on the uterus 
(Table VII) The fact that noradrenabne in 
moderate doses may inhibit the non-pregnant 
uterus and mtestme in vivo confirms the results of 
previobs workers (Gaddum and Goodwm) 

Experiments with liver symfathin 

Stimulation of the hepabc nerves m the cat 
almost mvanably caused a nse of blood pressure, 
part of which was due to constricbon of the hepa- 
tic artery The nse occurred even when a clamp 
on the artery itself raised the blood pressure a 
few mm Hg, so that the second effect was due 
to the liberation of sympathm (Gaddum and 
Goodwm) Fig 6 shows the effect of hepatic 
nerve stimulabon before and immediately after the 
mtraportal mjection of 5 mg guamdme carbonate 
It wiU be seen that nO potenbation of bver 
sympathm occurred In the same ammal, adrena- 
bne by the splemc vem was potenbated by guam- 
dme but noradrenalme was not To overcome any 
damaging effect of guamdme on the bver ceUs, the 
adrenalme responses were completed after bver 
sympathm and noradrenabne effects had been 
shown, but the same result was obtamed 

In an ammal which had not received cocame, 
the effect of hepatic nerve stimulabon was not 
potentiated by the simultaneous mtraportal mjec- 
tion of cocame hydrochloride (1 mg') Gaddum 
and Goodwm made it clear that cocame was not 
essential for work with bver sympathm, since 
sbmulation of the hepabc nerves'caused a nse of 
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Fig 6 — Cat 3 6 kg Chloralose Cocaine Blood 
pressure Stimulation of hepatic nerves for 30 sec 
(HNS) 5 mg guanidme carbonate injected mto 
the splenic vein (S V ) 15 sec before stimulation do 
not potentiate the pressor action 

blood -pressure^ contraction of the denervated 
nictitating membrane, and inhibition of the intes- 
tine before cocaine had been given They stated 
that whereas cocaine caused a definite increase of 
the effect on the mctitatmg membrane, it did not 
always affect the blood pressure rise The obser- 
vations with guamdine and cocaine emphasize the 
great similarity m action between liver sympathm 
and noradrenaline (Figs 2 and 6) Ephedrme 
potentiated the pressor effect of hepatic nerve 
stimulation m a feeble way The. actions of hver 
sympathm on the nictitating membrane and preg- 
nant uterus (excitor responses) and on the gut and 
non-pregnant uterus (inhibitor responses) agreed 
very well with those produced by equi-pressor 
doses of mtraportal noradrenaline 

Cannon and Rosenblueth (1937) found that, after 
the admimstration of large doses of both ergo- 
toxine (5 mg /kg ) and cocaine to the same cat, 
the injection of adrenaline caused a pure fall of 


blood pressure but that stimulation of the hepatic 
nerves caused a rise We have observed similar 
results with ergotarmne (3 mg /kg ) By a chance 
observation,' a large dose of dihydroergotamme 
(2 mg /kg ) was given mtraportally in a cat under 
chloralose This is about 10 times the normal 
adrenahne reversal dose, and the effect of subse- 
quent hepatic nerve stimulation surprisingly pro- 
duced a pure fall of blood pressure (Fig 7) Like- 
wise, small mtraportal doses of noradrenahne pro- 
duced a fall while corresponding doses of adrena- 
Ime had liftle or no effect It was not always 
possible to repeat this result m later expenments 
For example, if the dihydroergotamme was given 
in small increments the normal adrenahne reversal 
was observed, but after hepatic nerve stimulation 
or noradrenaline administration a pure rise of 
blood pressure was" produced Variable results 
were also produced if the dihydroergotamme was 
given by the mtrajugular route In addition, mtra- 
arterial noradrenahne gave a rise and mtra-artenal 
adrenahne a fall of blood pressure, whereas mtra- 
jugular noradrenahne gave a very small depressor 
effect These results only refer to cats under 
chloralose, and it is hoped to extend this work in 
order to see if the phenomenon occurs with other 
anaesthetics It is of mterest to note that dihydro- 
eigotamme does not always reverse the adrenaline 
response in dogs (Orth and Ritchie, 1947) 

In two cats, the effects of stimulating the splemc 
nerve (dissected out m a manner similar to that 
used for the hepatic nerve) have been recorded 
So far, stimulation has produced a pure rise of 
blood pressure, no depressor component being 
observed , the rise although usually small was not 
potentiated by mtra-artenal cocaine or guanidme 


Discussion 

For small blood pressure nses m cats, nor- 
adrenalujp was more active than adrenaline by both 
the jugular and the splemc routes As the pressure 
rise mcreased, so the sensitivity of the animal 
increased for adrenahne but decreased for nor- 
adrenahne Ratios of equi-pressor doses of the two 
ammes weje thus variable, and this observation 
may help to explain why such ratios have not been 
consistent m the past For example. Crimson and 
Tamter (1938, 1939) quoted many values for 
mtrafemoral injection rangmg from 0 5 to 12 
For rabbits, noradrenahne was much less active 
than adrenaline by all routes studied Two 
explanations of these phenomena have been 
recorded (1) the rabbit appears to have no sym- 
pathetic depressor component comparable with 
that found m the cat, so that the response to 
adrenaline is pressor only m the rabbit, (2) the 
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Fio 7 — Cat Chloralose 
Cocan le Dihydroer- 
gotamme (2 mg /kg.) 
mtraportally Note 
that hepatic nerve 
stimulation (HNS 
30 sec) and mtra- 
portal noradrenaline 
produce depressor 
effects, whilst intra- 
portal adrenaline 
scarcely affects the 
blood pressure 


initial blood pressure levels partially regulate the 
ratio of equi-pressor doses of the two arrunes, for 
m low pressure arumals (rabbits under urethane, 
spinal cats, and cats under urethane] the ratio is 
higher than 10, i e , the pressor action of nor- 
adrenaline IS less than that of adrenahne, whereas 
in high-pressure animals (cats under chloralose) it 
can be lower In addition, it has been shown 
(West, 1947b) that adrenahne and not noradrena- 
line IS a normal constituent of rabbit’s blood It 
is possible that adrenaline is the normal mediator 
liberated by adrenergic nerves in the rabbit, but 
that the mechanism is a httle more complex m the 
cat 

Guanidine on intraportal injection mto cats and 
rabbits potentiated intraportal adrenahne This 
potentiation was not shown by guamdine injected 
into the jugular or femoral vems or mto the ex- 
ternal iliac or splenic artenes The eff'ect is thus 
a local and transitory one on liver cells, presum- 
ably preventing the penetration of adrenalme 
(Dawes, 1946) Noradrenaline in equi-pressor 
intraportal doses was not potentiated, suggesting 
that the hepatic inactivation of this amine is not 
so rapid as with adrenaline Similarly, suitable 
intraportal doses of cocame were found, to poten- 
tiate intraportal adrenahne but not intraportal 
noradrenaline, whereas by all other routes studied 
both were potentiated Further, mtraportal doses 
of noradrenaline produced effects on the pregnant 
cat uterus (excitor) and on the gut (inhibitor) when 
the equi-pressor dose by jugular vein was meffec- 
tive In addition, it has been shown that the mac- 
tivation processes for the two amines in the muscle 
vessels of the limb are similar m vivo smce the 
ratios of equi-pressor doses by the artenal and 
femoral routes slowly decreased m both cases 

The effects of mtraportal noradrenaline have 
nearly alwavs been similar to those of hepatic 
nerve stimulation The simultaneous admmistra- 
tion of cocaine and guamdme has not potentiated 
the pressor effect of stimulation After large doses 


of dihydroergotamine by splenic vein, both nor- 
adrenaline and hepatic nerve stimulation caused 
depressor actions when correspondmg doses of 
adrenaline had no effect In a biochemical study 
of this and other problems, Blaschko (1942) came 
to the conclusion on mdirect evidence that adrena 
line is produced by N-methylation of noradrena- 
line which may be first formed m the body from 
tyrosine It Is possible that-noradrenalme may be 
produced in the liver and may act as the adren- 
ergic mediator in that organ, in which case the 
inactivation process of noradrenahhe naturally 
would be suppressed A similar position occurs in 
the spleen, where injections of noradrenahne mto 
the splenic artery and splemc nerve stimulation 
both produce vasoconstriction, whereas adrenalme 
injections result in the biphasic response with the 
marked depressor oomponenL In addition, the 
ratio of equi-pressor doses of adrenaline by 
splenic artery and splemc vem is higher (7 5 1) 
than for correspondmg doses of noradrenahne 
(4 1) Hence relatively more adrenahne is inacti- 
vated m the spleen than is noradrenalme, a fesult 
similar to that found for the-hver These observa 
tions with the liver and spleen may be linked up 
with the findings of Euler (1946a, b) that extracts 
of mammahan spleen, heart, hver, and sympathetic 
nerves contam a pressor substance with properties 
like those of noradrenaline or dihydroxy-norephe- 
drine In addition, he found large quanhties of 
histamine m extracts of mammalian splenic nerves 
(Euler, 1947) This may account for the depressor 
component of the adrenahne response after injec- 
tion mto the splemc artery, smce it is eliminated 
by benadryl More recently, Bacq and Fischer 
(1947) have reported -that extracts of mammalian 
spleen contam only noradrenahne, extracts or 
human coronary nerves and artenes only adrena- 
line, but extracts of mammalian splenic nerves and 
sympathetic chains a mixture of noradrenalme 
and adrenalme ’ Their interpretation of these facts 
is that in some tissues the synthesis of adrenaline 
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IS stopped at the stage of noradrenaline, whilst in 
other .tissues methylation occurs and adrenahne is 
formed They support Euler’s suggestion that the 
term “ s^mpathin ” be used for a mixture of vary- 
mg proportions of adrenaline and noradrenaline 

Summary 

L The pressor effects of i//-noradrenaline and 
/-adrenahne, mjected mto the jugular, femoral, and 
splemc vems and the splenic and external iliac 
arteries of cats andTabbits, have been examined 

2 Adrenaline was less active by portal than by 
jugular vem, though the ratio value for equi- 
pressor doses by these routes decreased as the pres- 
sure rise mcreased Noradrenahne was less active 
by portal than by jugular vein, but the ratio value 
remained constant 

3 When mjected mto the portal circulation, 
noradrenaline was not potentiated by the simul- 
taneous admmistration of guamdme or cocame 
whereas equi-pressor doses of adrenahne were en- 
hanced Noradrenalme therefore is not rapidly 
absorbed from the blood stream dunng its passage 
through the hver 

4 Intra-artenal and mtrajugular mjections of 
adrenahne andmoradrenalme were not potentiated 
by the simultaneous admmistration of mtra-arterial 
or mtrajugular guamdme, but both were enhanced 
by cocame 

5 Further surulanty m the effects of hepatic 
nerve stimulation anif mtraportal injections of nor- 
adrenahne have been recorded Guamdme or 
cocame m suitable mtraportal doses, for example, 
do not potentiate the action of hver sympathm 
After large mtraportal doses of dihydroergot- 


amine, hepatic nerve stimulation and small mtra- 
portal doses of noradrenalme produced depressor 
responses, when correspondmg doses of adrena- 
hne were without effect 

6 When injected mto the artery suppjymg the 
caudal end of the spleen, adrenalme^produced a 
depressor response, possibly due to the hberation 
of histamine Noradrenahne, on the other hand, 
produced a pure rise of blood pressure 


My thanks are due to Mr K C Sparke for 
technical assistance 
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CIRCULATORY PROPERTIES OF AMIDINE DERIVATIVES 
I. PRESSOR ANALOGUES OF METHYL /6;OTHIOUREA 
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The experiments to be described in this and the 
succeeding paper are concerned primarily with the 
circulatory properties of methyl isothiourea m re- 
lation to Its physico-chemical constitution 
Two considerations prompted such a study 
First, the chemical structure of methyl isothiourea 
IS not at all complex , a diversity of related com- 
pounds were readily accessible Secondly, the 
pharmacological properties by which methyl iso- 
thiourea was known to be (iistmguished (Smirk, 
1941 , McGeorge, Sherif, and Smirk, 1942) seemed 
likely to permit the rapid testing of chemically 
related substances A pressor action is the most 
noteworthy of these properties, and, as the sub- 
stance has been employed therapeutically for main- 
tainmg the blood pressure m spinal anaesthesia 
(Smirk and McGeorge, 1942), the possibihty of 
finding other useful pressor agents was naturally 
a further inducement to the study of related 
substances 

Screening experiments involving a wide range of 
compounds have already received bnef comment 
(Fastier, 1944) Some of the pomts then raised are 
dealt with more fully in the present report, whose 
mam purpose it is to outhne difBcuIties m the way 
of a satisfactory explanation of the distnbution of 
pressor activity among substances chemically re- 
lated to methyl isothiourea 

Methods 

Commercial samples of immoazole (Kodak) and 2- 
ammopj'ndme (L Light) were used S,N-cthylene iso- 
thiourea hydrobromide was prepared from /3-bromo- 
ethilamine hydrobromidc and potassium thiocyanate, 
and S,N-prop>lene isothiourea h>drochlondc by the 
action of warm concentrated hydrochlonc acid on 
nlljl thiourea The effects of these N-substituted 
amidine deniahves upon the blood pressure of 
anaesthetized dogs and cats, the perfusion pressure 


of pithed rat hind-quarters, and the tonus of isolated 
strips of rabbit mtestme were recorded by methods 
used m earlier studies (Fastier and Smirk, 1943, 1947) 

Methyl wothiourea methylsulphate and methylene 
di-isothiourea dihydnodide were synthesized by atkyla- 
tmg thiourea with dimethyl sulphate and methylene 
iodide respectively Their higher homologues were 
obtained as hydrobronudes by the method of Sprague 
and Johnson (1937) When no reference to the toelt 
mg point of the recrystallized salt was found m the 
hterature its composition was checked by a halide 
determination AttenUon was restncted (so far as 
this paper is concerned) to the blood pressure re- 
sponses of anaesthetized animals to these other 
amidine denvatives, except with hexamethylene di 
isothiourea , the cardiac effects of the latter were 
studied (i) m anaesthetized cats by shpping a small 
glass cardiometer over the heart -after the thorax had 
been opened medially and artificial respiration applied, 
(ii) m rabbits by perfusing the isolated heart with 
Rmger-Locke solution by a techmque descnbed previ 
ously (Fastier and Smirk, 1943), and (iii) in anaesthe 
tized dogs by inserUng a long glass cannula into the 
left jugular vein almost down to the auncle Clotting 
was prevented m the last type of expenment by filling 
the system connectmg the cannula to a water mano- 
meter wath a 5 per cent (w/v) solution of chlorazol 
fast pmk, a little of which was run into the circula 
tion every few mmutes The action of hexaraethyl 
ene di-isothiourea on the artenaKblood pressure of 
decerebrated and pithed cats, and oT anaesthetized and 
unanaesthetized grey rabbits (method of Grant and 
Rothschild, 1934), was also mvestigated, as were its 
effects on perfused rat hmd-quarters and excised 
rabbit gut 

Results 

Influence of chain-length upon pressor activity 

One conclusion reached on the basis of the 
above-mentioned screemng experiments is that the 
pressor activity of basic amidme denvatives is 
affected adversely by an increase m the length of 
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increases, the abihty to produce a large, well-mam- 
tainedrise of blood pressure is soon lost In con- 
trast to methyl and ethyl isothiourea, the hexyl, 
heptyl, octyl, and nonyl homologues are predomi- 
nantly depressor, when given under the same con- 
ditions, but the last three tested (n = ll, 13, 15) are 
almost merh 

It should be added that the phenomenon of tachy- 
phylaxis, already observed with various other 


amidme derivatives (Pastier and Smirk, 1943, 
1947), was noticed with most of these 'ijotluolirea 
salts Since the response to successive equal doses 
of a given irothiourea may change considerably in 
the course of an experiment- and smce treatment 
with one irothiourea often modifies at the same 
time the response to a related compound no less 
markedly, it is diflBcult to make a satisfactory com 
parison of the effects of several irothiourea salts m 




Fig 2 — Effects on the artenal blood pressure of anaesthetized dogs and cats of (a) 
di-wothioureas of general formula H,N(+H.N )C S(CH,)nS C( NHt)NH„ and (b) 
certam N-substituted amidme derivatives As m Fig 1, the curves are facsimiles of 
those recorded after the mitial injection of the compound The dose m mg /kg 
is appended to each curve Experiments on cats are mdicated by dotted curves 
In (a), n refers to the particular di-frothourea used 
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the one ammal For, this reason, more rehance 
has been placed upon a companson of the effects 
of imbal doses of each jsothiourea. in fresh 
preparations 

Depressor action of isothiourea derivatives, as 
exemplified by hexamethylene di-isothiourea 
dihydrobromide 

Depressor activity was found to be even more 
staking m the higher members of the di-wothiourea 


senes of general formula 

H,N(+H,N X^S(CH,)„SC( NH,+)NH, 

Only methylene di-ii'othiourea(n= 1) possesses pres 
sor activity at all comparable with that of methyl 
wothiourea (Fig 2) The mterest of the higher 
members tested («=2-6) hes rather m the sustamed 
falls of blood pressure they can ehcit even when 
injected m fairly small amounts (1-5 mg /kg ) 
Further experiments were therefore performed 




The N-substituted amidme derivatives tested constnet the perfused blood vessels 
and cause the contraction of the gut in the dose given (0 1 c c of the Af/10 solution) 
even m the presence of these blocking agents The “higher” anudine derivative 
hexamethylene di-iruthiourea shows little resemblance to them m either preparation 
when mjected m a corresponding dose (0 1 c c of the JVf/20 solution) 





202 


F N PASTIER 


with the hexamethylene denvative in order to dis- 
cover how the fall of blood pressure comes about 

In all of 15 animals anaesthetized with sodium 
barbitone — 7 dogs, 6 cats, and 2 rabbits — the intra- 
venous injection of hexamethylene di-wothiourea 
dihydrobromide caused a persistent fall of blood 
pressure The falls obtained in dogs with doses 
of 0 5-2 0 mg /kg ranged from 25-110 mm Hg 
and lasted for from fifteen to upwards of sixty 
minutes (Fig 2) Definite falls of blood pressure 
were produced m unanaesthetized as well as m 
anaesthetized grey rabbits 

Effects on cardiac output, so far as they could 
be discerned, did not suggest that the fall of blood 
pressure was due to cardiac depression The iso 
thiourea did not reduce significantly the strength 
of contraction of isolated rabbit hearts when per- 
fused in concentrations of up to 1 m 25,000 , nor 
was there evidence of depression after its mjechon 
in 4 experiments on cats in which cardiometer 
records were obtained while the blood pressure was 
falling , rather the reverse In dogs the venous 
pressure was lowered by some 10-30 mm HjO m 
2 out of 4 experiments after a temporary nse 
Electrocardiograms taken at the time did not reveal 
any noteworthy changes in rbythm The heart 
rate was usually found to be slowed when noted 
five To ten minutes after the mjection of hexa- 
methylene di-iAothiourea, sometunes after an mitial 
acceleration Vagotomy, which was performed m 
7 out of 13 experiments, did not affect the fall of 
blood pressure 

When a dilator action on blood vessels is thus 
indicated, it is difficult to prove that the action is 
a direct one Hexamethylene di-irothiourea was 
found to lower the blood pressure m decerebrated 
cats, but it did not have this effect when the animal 
was pithed, so long as the blood pressure remained 
at the low level to which it had fallen subsequent 
to the latter operation A vasodilator action was 
inconspicuous also m the pithed rat hmd-quarters 
preparation except when the pressure had been 
raised beforehand by treatment with adrenahne or 
propionamidine The possibihty therefore remains 
that its vasodilator action m the latter circumstance 
results from interaction with the vasoconstrictor 
drug, and not merely from the restoration of some 
degree of tonus to the blood vessels It was noted 
in this connexion that much smaller vasodilator 
responses to hexamethylene di-irothiourea were 
obtained \\hen adrenalytic concentrations of ergo- 
toxine were used in place of adrenaline or pro- 
pionamidine to constrict the perfused rat blood 


vessels (Fig 3) A direct mhibitofy action on 
smooth muscle was more defimtely suggested by 
its effect on excised rabbit intestme , m a bath 
concentration of M/ 100,000 or upwards, hexa 
methylene di-zrothioureaTvas found- to depress the 
tonus and spontaneous movements of the strip 
(Fig 3), and to make it at the same tune much 
less sensitive to the action of acetylchqhne 

Pressor effects of some' N -substituted amidme 
derivatives 

It had been noted on the basis of screenmg 
experiments (Fastier, 1944) that pressor activity is 
distributed fairly widely among armdme denva 
tives Inasmuch as the structural relationship to 
methyl isothiourea (I) of pressor analogues like 2 
ammopyndine (III) and irmnoazole (IV) is far from 
close, the possibihty must be considered, especially 
m view of the above results, that their pharmaco 
logical resemblance to it is merely superficial The 
pressor actions of these particular amidme deriva- 
tives have therefore been analysed m some detail, 
along with those of S,N-ethylene ijothiourea (II) 
and S,N-propylene ixothiourea, N-substituted 
amidme denvatives whose structural relation 
ship to methyl isothiourea is more apparent 


(I) 


CHj S—C—NH 


(ffl) 


CH=CH— C— NH, 
CH=CH— llH+ 


CH. S— C— NHj 
CH, •NH+ 


H— C— NH-CH 


(IV) 



The rises of blood pressure produced m anaes 
thetized ammals by the above bases m doses of 
the order of 1-1 Q mg /kg , though less persistent 
as a rule than those produced by methyl iso- 
thiourea under similar conditions, were fairly stnk 
mg except m the case of immoazole (Fig 2b) All 
four constricted perfused rat blood vessels about as 
strongly as methyl irothiourea (Fig 3a), their tonus- 
mcreasmg effects on this preparation and on iso 
lated rabbit mtestme standmg m sharp contrast to 
those of hexamethylene di-isothiourea Vasocon- 
stnetor effects were not appreciably antagonized 
by treatment with ergotoxme Moreover, atropme 
was usually ineffective m antagonizing their excita- 
tory effects on gut (Fig 3b) 


- Discussion 

So long as we remam ignorant of the exact site 
of action of methyl uothiourea we cannot say with 
lertamty that any of its chemical relatives act m 
issentially the same manner, however likely this 
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may appear when vanous pharmacological effects 
are compared It is temptmg to assume that the 
pharmacological similanty to methyl zsothiourea 
of its vanous pressor analogues has a chemical 
basis Nevertheless such an assumption is reason- 
able only m so far as it can be shown that these 
pressor analogues have m common with methyl 
jyothiourea either structural or physical features 
which are not shared with machve relatives 

The strong basicity of methyl zrathiourea has 
already been stressed m this connexion (Pastier, 
1944) Pressor actiMty has been found to be incon- 
spicuous, if present at all, in immo-ethers and such 
other comparatively weakly basic chemical rela- 
tives as the ureas, carbamates, thiocarbamates, 
thioureas, and thiohydantoms which have the 
amide (V) or thioamide (VI) but not the structur- 
ally similar amidme (VII) group Even amongst 
the amidme derivatives used m these prehmmary 
experiments, stnlang pressor activity was observed 
only with those that ionize freely 

O S NH 

(V) — c/ (\ff) -c/ (VII) -C^ 

NH. NH, 

But while possession of a strongly basic charac- 
ter therefore seems to be a necessary condition for 
pressor activity hke that exhibited by methyl iso- 
thiourea, it has not proved possible to correlate 
what appears to be a fairly specific pharmacologi- 
cal action .with possession of anythmg very specific 
from a structural viewpomt m the way of a “ phar- 
macophonc ” or “ key ” group In previous reports 
(Pastier and Smirk, 1943, 1947), it has been 
shown that pressor activity of apparently the same 
ongin is exhibited not only by homologues hke 
ethyl and isopropyl zj^othiourea but also by vanous 
other amidme denvatives of general formula 
X C( NHj+)NH, — e g , methyl wo-urea, ethyl iso- 
urea, propionamidme, methylguamdme, and asym- 
dimethylguamdme, where Z'=CHjO-, CoHjO-, 
C.H.-, CHjNH-, and (CILI.N- respectively ‘ Salts 
of aU these bases have been shown to cause, 
amongst other effects, constnction of perfused 
blood vessels, even m the presence of strongly 
adrenalyhc concentrations of ergotoxme, and con- 
traction of atropmized gut evidence which sug- 
gests that they owe their pressor activity m part 
at least to a capacity to constnct blood vessels by 
a direct action on theu: musculature In so far as 
2-ahimopyridme (IH), immoazole (TV), and other 
N-substituted amidme denvatives referred to above 
satisfy the same cntena, their pharmacological 


resemblance to methyl /i'othiourea is equally 
convmcmg 

It wiU be noticed that these various musculo- 
tropic bases have nothing more m common from 
a structural viewpomt than the anudme group 
-C( NH-+)NH- How 'then are we to account 
for the findmg (Fig 1) that merely lengthening the 
alkyl side-cham of methyl /rothiourea seems to 
brmg about a reversal of activity ? 

Presumably, if these pressor analogues of methyl 
irothiourea do have a fundamentally similar mode 
of action, we must give chief consideration to 
“ physical ” as distinct from purely structural attn- 
butes m trymg to explam their pharmacological 
similanty on a chermcal basis The impression that 
their pressor activity is generally affected adversely 
by mcreasmg the length of side-chams may there- 
fore be highly significant, and this clue will be 
followed up m succeedmg papers ^ 

Summary 

1 In the senes of /rothioureas of general for- 
mula CH 3 (CH 2 )„S C( NH)NH 2 , pressor activity is 
affected adversely by mcreasmg the length of the 
side-cham (for n=0-9) Only the first three mem- 
bers are able to produce large, persistent rises of 
blood pressure m anaesthetized dogs. 

2 Likewise m the di-uothiourea senes of gen- 
eral formula H=N(HN )CS(CH.)„SCX NH)NH„ 
depressor effects rapidly become predommant as 
the senes is ascended (n=0-6) The falls of blood 
pressure caused by the hexamethylene derivative 
when given m doses of 2-5 mg /kg are particularly 
large and long-lastmg , they are brought about 
mainly, if not entirely, through vasodilatation 

3 Although their structural relationship to 
methyl zmthiourea is much less obvious than 
that of the above zmthioureas, the N-substituted 
amidme derivatives 2-ammopyndme and immo- 
azole resemble it closely m their circulatory effects 

4 Like S,N-ethyIene and S,N-propylene iso- 
thiourea — and also vanous other amidme denva- 
tives of low molecular weight examined previously 
(Fasher and Smirk, 1943, 1947) — 2-ammopyndine 
and immoazole constnct perfused-rat blood vessels 
even m the presence of strongly adrenalytic con- 
centrations of ergotoxme, and cause the contrac- 
tion of atropmized gut , thus they appear to act 
directly on the smooth muscle of blood vessels 

5 It is concluded that if the pharmacological 
resemblance to methyl irothiourea of these vanous 
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pressor analogues has mdeed a chemical basis, 

“ physical ” as distmct from purely structural attri- 
butes must play a large part m determmmg pres-/ 
sor activity m compounds of this type 

This worlT has been aided by a grant from the 
New Zealand Medical Research Council I wish to 
acknowledge also my indebtedness to Prof F H 
Smirk for much helpful cnticism 
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A capacity to enhance the pressor action of 
adrenahne in anaesthetized animals is almost as 
conspicuous in methyl i^othiourea* (I) and its 
nearer homologues as 'their own pressor activity 
Both properties have been desenbed before m some 
detail (McGeorge, Sherif, and Smirk, 1942 , Pastier 
and Smirk, 1943), and evidence has been obtamed 
which points to the blood vessel wall as the mam 
site of action for pressor ^s well as potentiating 
effects 

Vanous other amidme denvatives of fairly 
low molecular weight have since been found 
to produce closely correspondmg changes m sensi- 
tivity to the pressor and vasoconstnetor actions of 
adrenahne Results obtamed with derivatives of 
the tvpe XC{ NH,^)NHa— eg, ethyl iw-urea, 
propionamidme, and o^ym-dimethylguamdine, 
where X = C-HjO-, CiEU-, and (CH,)sN- respec- 
tively — have already been reported (Pastier and 
Smirk, 1947) That even the presence of substi- 
tuents in the amidme group itself does not invari- 
ably preclude this kind of activity will be shown 
below for such bases as S,N-ethylene iwthiourea, 
2-aminopyridine (II), and immoazole (TIT) 


(I) 


CHsS C— NHj 


KH2+ 


(H) 


CH=CH— C— NHa 

(!:h=ch— NH+ 


H— C— NH— CH 


(IV) 


CH3(CH,)8S C— NHj 


NHi+ 


(V) 


HoN— C S(CH,)«S C-NH, 

+H2I4 . NH2+ 


Nevertheless “ higher ” amidme denvatives as a 
class seem to behave quite differently So far from 
enhancing sensitivity to adrenalme when injected 
m moderately large doses, long-chain amidme den- 


* Represented con\cn]ently as a katlon for reasons given before 
(Fasticr and Smirk 19471 


vatives such as n-nonyl irathiourea (IV) and hexa- 
methylene di-iTOthiourea (V) brmg about no less 
emphatic f/esensitization Their effects upon the 
blood pressure, discussed m the precedmg paper 
(Pastier, 1948), appear equally anomalous at first 
sight However, a more mtensive study of the, 
activity displayed by these compounds has indi- 
cated how such contrastmg observations may be 
reconciled , as wiU also be shown below, an appre- 
ciation of the ambivalent character of typical ami- 
dme derivatives goes a long way towards explaining 
differences m effects upon sensitivity to adrenalme, 
outstandmg though these may appear superficially 

Methods- 

Expenments were performed upon dogs and cats 
anaesthetized with sodium barbitone and upon pithed 
rat hind-quarters perfused at a constant rate, as 
described m another paper (Pastier and Smirk, 1947) 
Ringer-Locke soluUon aerated with oxygen contain- 
ing 5 per cent carbon dioxide was used for all perfu- 
sion experiments Salts of the amidme derivatives 
were dissolved in Ringer-Locke solution to give the 
dilutions specified m the text, a little alkali bemg 
added as required when the resultmg solution was 
aadic 

“ Autosensitization ” — an mcreasing sensitivity in 
the response of the preparation to adrenaline owing 
to mtrinsic causes {vide Jang, 1940, and others whom 
he quotes) — was normally encountered at an early 
stage of each expenment However,- after some 30- 
60 mm a stage was usually reached at which the 
response to adrenalme had become substantially con- 
stant, provided that ‘ cumulative ” effects were also 
avoided by keepmg the interval between successive 
injections to 6 or, on occasion, to as much as 9 or 
12 mm Even so, the changes m sensitivity brought 
about by a given amidme denvative were sometimes 
difficult to assess because, as m the process of auto- 
sensitization, the height and the duration of the re- 
sponse to adrenalme were not always equally affected 


206 


F N PASTIER AND C S W REID 



Fig 1 — Efifects of various amidiue denvatives upon the sensitivity of anaesthetized 
dogs to the pressor action of adrenahne Each “sensitivity” curve was constructed 
as shown under (g), where the dotted ordinates are the nses of blood pressure 
caused by the uyection of small doses of adrenaline at 6-mmute mtervals reduced 
to a common base Ime The rise after the heavy arrow, which marks the pomt' 
of injection of the amidine denvative (dose m mg /kg given alongside each curve), 
thus mdicates an enhanced response to a fixed dose of adrenalme (dose given. 
^ in fig to the right of each curve) Dotted curves (d,f) refbr to experiments 
where the dose of isothiourea was injected very slowly 


The pressure changes due to the amidine denvative 
Itself prosified an additional comphcation Plottmg 
the heights of the initial pressure response to adrena- 
line was thought to provide as convenient and reliable 
an index as any of sensitizmg and desensitizing effects, 
and this has been the procedure adopted in construct- 
ing Figs 1 and 2 

Results 

Experiments were first performed on anaesthe- 
tized dogs and cats The results illustrated m Fig 1 
are typical of those obtained They show that a 
x'anety of armdme denvatives are able to enhance 
the pressor action of adrenaline when their salts 


are injected in doses of the order of 1-10 mg I^S 
They also show, however, that some amidme deri- 
vatives normally produce adrenalytic effects when 
tested under these conditions (Fig Ic, d, f) 
that others are far from constant m effect (Fig 
lb. e) - 

In order to see whether clear-cut results coum 
be obtained with compounds of the latter type, two 
or three of them were given m widely graded doses 
It so came to be noticed that while desensitization 
was produced eventually as the dosage was in- 
creased, sensitization was usually obtamed at an 
earher stage of the experiment Some of the 
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hind-quarters in preference to anaesthetized ani- 
mals m order to simphfy conditions as far as 
possible 

Changes in the sensitivity of perfused rat blood 
vessels to the vasoconstrictor action of adrena- 
line induced by vanous doses of n-hexyl iso- 
thioiirea hydrobromide 

When small quantities (0 05-0 20 c c ) of solu- 
tions varying m concentration from M/ 100,000 to 
2M were injected one mmute before the next dose 
of adrenahne was due, a threshold for sensitization 
was found with a concentration of the order of 
M / 10,000 As the concentration of the isothiourea 
solution was increased, the sensitization produced 
increased m extent, becoming maximal for a con- 
centration of the order of M/100 The vasocon- 
strictor response to adrenalme was frequently 
doubled with this dose (Fig M) 

With somewhat larger doses, however, the initial 
effect was a lesser degree of sensitization , and 
when the dosage was mcreased still further, actual 
desensitization resulted (Fig 2e, f) The desensi- 
tization was usually transient ,^m such instances 
(Fig 2e) a subsequent phase of sensitization fol- 
lowed regularly, which seems highly sigmficant 
when it is recalled that the perfusion fluid does not 
circulate m the rat hmd-quarters preparation as 
blood cnculates m the mtact animal , fresli Ringer 
solution IS constantly bemg pumped mto the dorsal 
aorta to renew that escaping from severed vessels 
If a drug IS not held tenaciously by the tissues it 
must in consequence soon be washedxout of the 
preparation Presumably, When such a dose as 
0 1 c c of the M/10 solution is injected, the local 
(i e , the “ effective ”) concentration of n-hexyl iso- 
thiourea rises sufficiently high for it to exceed a 
threshold “ desensitizmg level ” It would appear 
that this concentration cannot be mamtamed, how- 
ever, and as it gradually diminishes, recovery takes 
place, to be followed by a penod of sensitization 
Even with strongly adrenalytic dose?, which might 
initially reduce the height of the vasoconstrictor 
response to adrenaline to one quarter or even one 
tenth of Its former value (Fig 2f), this pattern was 
normally followed 

The above interpretation of the form of the sen- 
sitivity' curves shown in Fig 2d, e, f, was confirmed 
by expenments in which n-hexyl ijothiourea was 
administered by injectmg it into the reservoir of 
Ringer-Locke solution instead of directly mto the 
perfusion cannula As but 15-20 cc of Ringer- 
Locke solution entered the preparation each 
minute, dilutmg the wothiourea m some 200-400 
c c of the perfusion fluid ensured that it could not 
rapidly achiei'e a high concentration m the tissues 


even if the amoimt ultimately reaching the prepara- 
tion was large Under these conditiUns it was 
fdund possible to demonstrate that desensitization 
IS definitely preceded by sensitization wheir a large 
dose of ijothiourea is given (as yyould be expected 
if the type of effect produced depends mainly upon 
“ effective ” concentration) Moreover, desensiti- 
zation occurred the more rapidly the higher the 
concentration of n-hexyl ijothiourea (M/ 20,000, 
M/ 5,000, M/ 2,500, M/ 1,000) or the faster its rate 
of perfusion Recovery followed the reverse pat- ' 
tern Thus on retummg to plain Ringer-Locke 
solution after perfusmg an M/ 5,000 solution of 
n-hexyl iTOthiourea, nonnal sensitivity was regamed 
wi thin a few minutes and followed by fairly long; 
lastmg sensitization Only m those expenments 
m which one of the stronger solutions ihad been 
perfused for a considerable time was sensihzation 
not observed after changmg back to ordmary 
Ringer-Locke solution, apparently because the dose 
had reached a toxic level, judged by the persistent 
loss of irntabihty of the preparation ' 

Sensitizing and desensitizing effects of homologites 

of n-hexyl Kothiourea 

Nme other uothioureas of general formula 
CH,(CH.)„SC( NH.+)NH, were subsequently 
tested on the pithed rat hmd-quarters pre- 
paration, VIZ, methyl, ethyl, n-propyl, n-butyl, 
n-amyl, n-heptyl, n-octyl, n-nonyl, and inlecyl iso- 
thioureas, for which n=0, 1, 2, 3, 4, 6, 7, 8, and 9 
Their effects upon sensitivity to adrenalme all 
seemed to be influenced by dosage m essentially 
the same manner as those of n-hexyl ijothiourea 
(for which 71=5) 

Lower homologues differ from the n-hexyl 
member mainly m that sensitization is obtained 
over a wider range of concentrations The doses 
required for the demonstration, of desensitiza- 
tion with 71-propyl fjothiourea (Fig 2c) or with 
methyl or ethyl ijothiourea are definitely , 
“ impharmacological ” 

With higher homologues,' on the other hand, 
adtenalytic activity was the predominant feature 
As shown m Fig 2i, the desensitization produced - 
by 71-nonyl ijothiourea m such a dose as 0 1 c c 
of the M/ 10 solution is intense Nevertheless even 
71-nonyl is-othiourea was found capable of pro- 
ducing the opposite effect when given m sufficiently 
small amount (Fig 2g), as were also 7 i-heptyl, 
71-octyl, and 7i-decyl ijothioureas — 

Likewise with the anaesthetized dog, in which 
n-nonyl and n-decyl uothiourea seemed at first to 
be purely adrenalytic, it -was found possible to 
demonstrate sensitization by using a very small 
amount for the first injection and gradually work- 
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mg up the dose Still higher members (« = 11, 
13, 15) gave httle indication of activity , because 
of their msolubihty they were not tested on the rat 
hmd-quarters preparation The lower members of 
the series m doses of the order of 1-10 mg /kg 
enhanced the 'pressor action of adrenalme m anaes- 
thetized dogs, and this property extended well up 
the senes (from n=Q to n=7) 

The pithed rat hmd-quarters techmque is the 
better adapted, however, to showmg the variation 
encountered durmg the ascent of the senes Thus 
with 0 1 cc of the M/100 solution as the fixed 
dose, a gradual mcrease was apparent m the degree 
of sensitization produced, a maximum being 
reach^ at about the heptyl denvative At 
the same time the period of detectable activity 
increased from some 15-20 mmutes to upwards of 
30-40 mmutes However, from the propyl deriva- 
tive upwards, there was an mcreasmg delay before 
maximum sensitization was observed The desen- 
sitization level was actually exceeded for a time 
"with this dose of ^-hexyl ijothiourea and higher 
homologues, although m order to prove the point 
for the heptyl and octyl denvatives the first dose 
of adrenahne had to be mjected as soon as 30 
seconds later , desensihzation was not observed m 
those experiments m which the mterval was 
mcreased to 2 or 3 mmutes Its transitory 
occurrence was demonstrated even with the hexyl 
denvative, however, by mjectmg the adrenahne m 
a steady stream instead of m doses given at regular 
mtervals, and thus obtammg a contmuous measure 
of sensitivity No such device was necessary with 
the highest homologues tested , the desensitization 
obtamed with n-nonyl and n-decyl zwthiourea was 
considerable and relatively persistent even with this 
small dose (Fig 2h) 

Sensitizing and desensitizing effects of other 
amidme denvatives 

With the di-i5othioureas of general formula 
H=N(+H,N )C S(CH:)„ S C (-. NH.+)NH=, mcreas- 
mg the length of the polymethylene chain (n = 1-6) 
was hkewise found to enhance adrenalytic activity 
It has been shown above (Fig Ic, d) that the tetra- 
methylene and hexamethylene denvatives produce 
desensiUzation quite consistently m anaesthetized 
dogs in doses as low as 2-5 mg /kg In the rat 
hmd-quarters preparation their adrenalytic activity 
was equally pronounced Sensitization of the per- 
fused blood vessels was also obtamed with most of 
these dwTOthioureas, although it could not be 
demonstrated regularly with the tetramethylene 
and hexamethylene denvatives even when their 
salts were perfused in high dilution It was an 
inconstant phenomenon also with benzyl and 


2-phenylethyl irathiourea salts in the rat hmd- 
quarters preparation That these particular 
adrenalytics were able under some conditions' 
at least to cause sensitization as well as desen- 
sitization to adrenahne was obvious enough, how- 
ever, from the results obtamed with anaesthetized 
dogs (Fig le, f) and cats 

A much closer resemblance to lower homologues, 
like methyl and n-propyl isothiourea, was displayed 
by the N-substituted anudme derivatives S,N- 
ethylene and S,N-propylene li'othiourea, 2-amino- 
pyridine (II), and umnoazole (IH) They too 
produce sensitization m the rat hmd-quarters 
preparation even when mjected m fairly large 
amounts For the demonstration of desehsitiza- 
tion, doses equivalent to 0 1 c c of an M-IOM 
solution were required Much smaller ^doses suf- 
ficed, however, with bases like S-ethyl-N-allyl iso- 
thiourea and 2-ammoqumolme which, though alhed 
structurally to the above N-substituted amidme 
denvatives, have considerably larger kationS 

Discussion 

Nearly aU the amidme denvatives whose activity 
has been studied m detail have been found capable, 
like iz-hexyl i^othiourea, of producing either sensi- 
tization or desensihzation to the vasoconstnctor 
action of adrenahne, the latter effect becoming pre- 
dommant sooner or later when the dosage was 
mcreased Differences m their effects appear to be 
quantitahve rather than quahtative , for while the 
effect of a fixed dose vanes greatly from one 
compound to another, a distmctive pattern can 436 
discerned none the less if the series of effects 
produced by a wide range of doses is made the 
basis of companson, as indicated m Fig 2 

Perhaps the strongest evidence m favour of this 
idea that both “ lower ” and “ higher ” amidme 
denvatives produce essenhally similar sensitizmg 
and desensihzmg effects hes m the gradual transi- 
hon from one characterishc type of behaviour to 
the other seen durmg the partial ascent of the two 
homologous series of z^othioureas tested 'One 
plausible objection may be raised, however Why 
does the effect produced by a fixed dose alter so 
considerably durmg the ascent of a homologous 
series if all the homologues produce a given effect 
by the same mechanism j? 

As Ferguson (1939) has properly emphasized m 
connexion with toxicity data, we must distiPguish 
between “ chenucal ” and “ physical ” attnbutes in 
companng the pharmacological activity of two 
drugs The fact that one of the “ higher ” mem- 
bers of an /jothiourea senes is able to produce 
the same pharmacological effect (e g , desensitiza- 
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tion to the vasoconstrictor action of adrenaline) as 
one of its lower homologues when it is given in a 
much smaller dose does not necessarily mean that 
1 molecule of the higher homologue is as effective 
as, say, 10 or 100 molecules of the lower homologue 
at the site of action , it might well be that the dis- 
tribution co-efficient of the lower homologue was 
relatively so unfavourable that 10 or possibly 100 
times as many molecules of irathiourea had to be 
present m the envelopmg medium (the “ external 
phase ’ ) m order to maintain the same number of 
molecules as the higher homologue at the site of 
action (the “ biophase ”) 

To press the argument a little further, we might 
interpret the above results as follows both 
“ lower ” and “ higher ” amidine derivatives are 
able to influence the sensitivity of blood vessels 
to adrenaline in a characteristic manner by virtue 
of a particular chemical configuration (the charged 
amidine “ head ” of the molecule) which enables 
them to react with the same receptors , but they 
differ quantitatively in their effects owing to varia- 
tion in the physical properties of the molecule as a 
whole, which leads in turn to vanation m their 
capacity to reach the appropriate receptors or 
remain m contact with them Evidence believed 
to favour this possibility will be presented in a later 
paper 

Summary 

1 It has been shown for the first ten rTOthioureas 
(/I =0-9) of general formula 

CH.(CH)nSC( NH)NH. 
that either sensitization or desensitization to the 
vasoconstrictor action of adrenahne in the pithed 
rat hind-quarters preparation may be observed 
after their administration, according to the expen- 
mental conditions employed 

2 Which effect is' produced seems to depend 
mainly upon dosage Sensitization to a varymg 
extent will occur so long as the local concentration 
of the ijothiourea falls withm certain limits (which 
are characteristic of a given compound) , but once 


the hypothetical upper limit is" exceeded, desensiti-^ 
zation appears and becomes increasingly emphatic 
if the local concentration of the base nses still 
higher 

3 Experiments with various other strongly basic 
amidine derivatives — e g , methylene di-wothiourea, 
hexamethylene di-Mothiourea, S,N-propylene iso- 
thiourea, benzyl uothiourea, 2-ammopyridine, 
iminoazole — suggest that they too show a quali- 
tative resemblance to the alkyl ijothioureas in pro- 
ducing first sensitization and then desensitization 
to the vasoconstrictor action of adrenahne when 
they are given m increasing concentration 

4 Adrenalytic effects are observed more especi- 
ally with the higher members of a series — eg, 
n-octyl ijothiourea, tetramethylene di-iwthiourea, 
and their near homologues The desensitization to 
the pressor action of adrenaline which they pro- 
duce in anaesthetized dogs probably depends (like 
the sensitization obtamed with smaller doses) in 
part if not entirely upon some process occurring 
in the blood vessels themselves, smce desensitiza- 
tion to the vasbconstnctor action of adrenalme can 
be readily demonstrated with these-'* higher ” ami- 
dine derivatives in the pithed rat hmd-quarters , 
preparation 

5 The mfluence of chemical structure upon this 
kind of activity is discussed 

This work was aided by a grant' from the New 
Zealand Medical Research Council It is a pleasure 
to acknowledge also our indebtedness to Prof E H 
Smirk for much "helpful cnUcism and advice 
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Study of the diamidines was first directed to 
protozoal diseases, their usefulness mrbactenal 
infections bemg discovered subsequently , some of 
our early results on propamidme were cited by 
Thrower and Valentme (1943), and its value m 
burns and surface infections has been confirmed 
Fuller (1942) showed that Gram-positive were 
more susceptible than Gram-negative orgamsms 
to ahphatic diamidines, and we sought for aroma- 
tic diamidmes with greater activity agamst coh, 
proteus, and pyocyanea as well as agamst staphylo- 
coccus A prelimmary account of our findings 
has been given m conjunction with clmical tnals 
on two of the new compounds (Wien, Hamson, 
and Freeman, 1948) Now, while pemciUm deals 
with many mfectioris it has httle effect against 
Gram-negative bacteria, and although streptomycin 
may be of more value there is still a need for other 
active compounds we found certain diamidines 
which should be of value in local chemotherapy 
smee our experimental studies have had clmical 
confirmation (Kohn and Cross, 1948) 

Compounds — ^They conform to the general 
formula Am B X B Am in which Am represents an 
amidine group m the 4 or 4' position, B a benzene 
nucleus, and X a direct linkage, either an oxygen 
atom or an -OlCHs)/,©- group, where n is an 
integer from 1 to 10 Smee all the denvatives 
desenbed have substituents m the 2 or 2' position 
m the benzene nucleus, they may be referred to for 
convenience m an abbreviated form, e g , dibromo- 
propamidme signifymg 4 4' - diamidino - 2 2' - 
dibromo-diphenoxypropane, and a fist of some of 
those exammed will be seen in Table I Their 
preparation and properties (Ne'wbery and Berg, 
1945) will be described elsewhere The isethion- 
ates of the compounds are readdy soluble, forming 
colourless, neutral, and stable solutions, but they 
are precipitated m normal salme , isotonic solu- 
tions may be prepared by the addition of 5 per 
cent (w/v) dextrose 


Materials and Methods 
Anitbacteiial activity 

Orgamsms — ^These were derived mainly from the 
Lister Institute (for N C T C numbers see Table II), 
except for Staph aureus, strain No 19, which was 
obtamed from a case of osteomyehtis, and stram 
No 27, which was obtamed from a case of staphylo- 
coccal septicaemia 

Media — Hartley’s broth was employed, with the 
addition of 2 per cent (w/v) glucose for streptococci , 
a thioglycollate medium was used for clostndia and 
human jdefibnnated blood was used in shde-cell expen- 
ments for staphylococci 

Methods — (1) Bacteriostatic activity was measured 
by means of the two-fold serial dilutional method 
a heavy inoculum, one drop of a 1 10 dilution of a 
24-hour broth culture, was added to each tube, and 
the highest dilution completely mhibitmg visible 
growth was recorded after incubation for 18 to 24 
hours at 37° C these results are marked (a) in 
Table n Bactenostatic activity in blood was deter- 
mined by Flemmg’s slide-cell method, the staphylo- 
coccal inoculum being adjusted to give about 40 
colonies in the control cell the highest effective dilu- 
tion was read where 5 colonies or less were visible 
(Freeman, 1948) 

(2) Bactericidal activity was determined by sub- 
inoculations on to trypsin-digest agar growth on 
agar after 24 hours’ mcubation at 37° C denoted lack 
of bactenadal activity These results are marked 
{b) in Table 11 The bactencidal properties were 
investigated also by observing the rate at which 
Staph aureus and B coh were killed from determi- 
nations of the mimmal effective bactencidal concen- 
trations at intervals up to 24 hours 

Antifungal activity 

Method — ^This consisted initially in incorporating 
senal dilutions of a compound in 2 per cent glucose- 
agar m small tubes infected with spores, which were 
then left at room temperature for 5 days The highest 
dilution completely inhibitmg growth was obscrv'cd 
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More reproducible results were obtained by employ- 
ing a ditch-plate methodi 

The petn dishes contained 15 ml of 2 per cent 
glucose-agar, and a ditch (3/8 in) was cut nght across 
the diameter of each agar plate The ditches were 
then filled with 2 per cent glucose-agar containing 
solutions of the compounds to be tested , :ten-fold dilu- 
tions were tested first and subsequently two-fold dilu- 
tions, after the approximate range of activity had been 
determined The plates were then dned for one hour 
at 37° C Inoculations were made with a platinum 
needle from ten-day-old glucose-agar slopes Two 
species of fungi were employed for each plate, one 
streak bemg made of each fungus, crossing the ditch 
at a right-angle and contmuing to the opposite edge 
of the plate The plates were incubated at 37° C for 
5 days except for Hortnodendron langeronu, which 
grew best at room temperature Fungistatic activity 



was determined by noting the highest diluUon which 
caused complete inhibition of growth of the fungus 
on the ditch contammg the compound A control 
was obtamed by observmg good growth of the streak 
on the agar which did not contain any compound 
Some zonal inhibition was seen at the edges of the 
ditch owing to diffusion of the compound into the 
untreated agar, but these zones were disregarded in 
the assessment of fungistatic activity 

Results ^ 

Bactenostatic results on homologous diamidmes 
— ^Several points are worth noting from the bac- 
teriostatic results shown m Fig 1 Firstly, there 
was a graded mcrease m bactenostatic activity 
against staphylococci with mcrease m the length 
of the chain to a maximum at n=6 to 9, followed 
by an abrupt decrease at n=10, agamst Gram 
negative bacteria the maximum was mamtamed 
from n = 6 to 10 Secondly, activity was retained 
in the presence of blood Determmahon of the 
toxicities of these compounds on mtravenous m- 
jection into mice showed an increase in toxicity in 
ascendmg the senes from the methane (LD50, 
30 mg /kg) to the decane (LDSO-, 5 mg/kg^ 
denvative It should be noted that propamidine, 
though less active than its higher homologues, was 
also less toxic to phagocytes (vide infra) 

Bactenostatic results on homologous digtiani- 
dmes — We found that homologous diguamdmes 
displayed the same gradation in bactenostatic 
activity as the diaimdmes agamst Gram-positive 

TABLE I 


BACTERIOSTATIC ACITVITY OF HALOGENATED DIAMIDINES 

Minimal concentrations mixg/ml forcompletemhibition 
of growth 


Compound 

Staph aureus 

B 

colt 

PS 

pyo- 

cyanea 

in 

broth 

in 

blood 

in 

broth 

in 

blood 

Pienamidine 

lodophenamidme 

128 

32 

64 

32 

266 

64 

612 
612 , 

StUbamidlne 

lodostilbamidine 

32 

8 

32 

16 

266 

32 

266 
> 64 

Bromoproparmdine 

Dibromopropamldlne 

4 

1 

2 

4 

32 

4 

266 

32 

lodopentamidlne 

Dilodopentamidlne 

0 6 

1 

1 6 
4 

64 

8 

128 

64 . 

lodohexamidme 

Duodobexamldme 

0 6 

1 

1 

8 

10 

4 

8 

16 
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organisms Against Staph aureus in blood, m 
slide-cell experiments, the minimal concentrations 
mhibitmg growth were as follows — 4 4'-diguani- 
dmodiphenoxyethane, 32 pg /ml , propane homo- 
logue, 8 /ig /ml , butane homologue, 4 pg I wl , 
pentane homologue, 2 /ig /ml , heptane homo- 
logue, 4 pg /ml , and 256 pg /ml for the nonane 
and decane homologues respectively 

Bacteriostatic and fungistatic results on halo- 
genated diamidines — ^Table I gives the results 
obtained with some of the halogenated di- 
amidmes exammed the diphenoxyalkanes were 
bacteriostatically more active than the stilbene 
compounds, and the diphenyl ethers were much 
less active The halogenated diamidines were 
effective agamst certain pathogemc fungi, though 
not more so than the parent compounds , the 
degree of fungistatic action seemed to depend on 
the type of fungus, although some of the variation 
may have been due to the method employed 
Since the diphenoxj'alkanes showed promising 


bacteriostatic activity, vanous substituted deriva- 
tives were exammed , it was found that halogen 
m one or both benzene nuclei had a favourable 
effect, increasing bacteriostatic achvity with little 
alteration m local toxicity to phagocytes The 
mono-halogep derivatives were more active than 
the di-halogen derivatives against staphylococci, 
whereas the di-halogen derivatives were more 
active against Gram-negatiVe bacteria 

Dibromopropamidine and lodohexamidine were 
found amongst the most effective of the com- 
pounds exammed, and the results obtained with 
these and their parent compounds are shown in 
Table 11 For comparison, penicillin (pure sodium 
salt) was effective in inhibiting the growth of 
Staph aureus at a minimal concentration of 0 05 
pg I ml , and streptomycin was bacteriostatically 
effective at 8 pg I ml against B coli, and at 
4 pg /ml agamst Ps pyocyanea 

Bactericidal results on halogenated diamidines 
— The bactencidal activity (results marked (b) m 


TABLE U 

ACnVITY OF PROPAMIDINE, DIBROMOPROPAMIDINE, HEXAMIDINE, AND lODOHEXAMlDINE AGAINST VARIOUS 

BACTERIA AND FUNGI 

(a) = bactenostatic activity, (6) = bactericidal activity, (/) = fungistatic activity Minimal concentrations 

in pg /ml for complete inhibition of growth 


Organism 

NCTC* 
stram No 

1 Propamidine 

1 Dibromo- 
propamidme 

j Hexamidine 

lodo- 

hexamidinfr 

Strep pyogenes 

2432 

(a) 

4 

1 

05 

05 

Strep viridans 

3165 

(a) 

4 

2 

1 

05 

Staph aureus 

tl9 

(a) 

8 

1 

1 

05 


(6) 

16 

1 4 

8 

4 

„ „ (m 10% serum) 

19 

(«) 

16 

4 

1 

1 

„ „ (in blood) 

19 

(«) 

16 

4 

1 

1 

„ „ (in blood) 

127 

(a) 

16 

16 

4 

2 

Ps pyocyanea 

1999 

(fl) 

256 , 

32 

16 

8 


{b) 

256 

64 

32 

32 

„ „ (m 10% serum) 

'1999 

(fl) 

256 

128 

32 

32 

Proteus vulgans 

3156 

(a) 

128 1 

128 

128 

128 


(b) 

256 , 

256 1 

256 

256 

B coll 

•4144 

{a) 

64 

4 

64 

16 



lb) 

128 

32 

64 

32 

„ „ (m 10% serum) 

4144 

(a) 

128 ' 

8 1 

64 

64 

B flexneri 

4835 

(o) 

32 ' 

8 1 

4 

16 

B enteritidis 


(.a) 

256 1 

64 j 

64 

16 

B typhi-tnurium 

2110 

(a) 

256 1 

64 1 

64 

16 

Cl welcliii 

273 

(a) 

32 1 

512 , 

256 

256 

Cl Iiistolyticum 

2915 

(.a) 

256 1 

256 

256 

256 

Actinomyces kimben 

4583 

(D 

100 1 

10 ' 

20 

20 

,, madurae 

3255 

(D 

100 ' 

50 

100 

200 

,, homims 

4525 

if) '■ 

1000 

1000 

10 

10 

Geotnclium dermatitidis 

2787 

(f) 

25 1 

200 

20 

20 

Trichophyton tonsurans 

2520 


100 

25 

200 

200 

Honnodendron langeronii 

2893 

(h 

2 

t 

500 

20 

100 


•NCTC (National Collection of T>'pe Cultures;) t Laboratory strain number 

Media — Hartley’s broth medium was used for bactenostaUc tests except where indicated, for streptococci 2 per 
cent (w/v) glucose was added, and for clostndia a thioglycollate medium was employed Trypsm-digcst agar was 
used for bactencidal tests and 2 per cent glucose agar for fungistatic tests 

Q 
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TABLE m 


ACQUIRED DRUG-RESISTANCE in vitro 


BactenostRtic activities mimiDal concentiatioiis in ftg /ml for complete inhibition of growth 


Compound 

Organism 

Bactenostatic activities 

No times 
mcreasem 
resistance 

No sub- 

Initial 1 

t>-gl 

Maximal 

w 

cultures 

Dibromopropamidme 

Propamidme 

5-ammoacndme 

PemciUm 

Strep pyogenes 
Staph aureus 

» 3> 

>> >> 

1 

8 

8 

0 03 

1 u /ml 1 

128 

128 

32 

1400 

1 u /ml 

128 

16 

4 

46,666 

'24 
- 10 

4 

'40 ' 


Table II) of the halogenated diamidines was some- 
what less (four to eight times) than their bacterio- 
static activity From determinations of the rate 
at which Staph aureus and B coli were killed by 
various concentrations of the compounds it was 
found that the maximum bactericidal effect was 
exerted fairly rapidly, withm six to ten hours 

EQect of pH 

We confirmed Bison’s (1945) observation that 
the bacteriostatic action of diarmdmes was 
decreased m an acid medium and increased m an 
alkahne medium At pH 6 3, 6 8, and 7 6 the 
minimal effective concentrations of dibromoprop- 
anudme agamst staphylococci m blood were 
64 pg /ml , 4 pg /ml , and 1 pg /ml , respectively,, 
and of propamidme 64 pg/ml, 16 pg/ml, and 
4 pg /ml respectively 

Smce the diamidines inhibit the respuation of 
bacteria (vide infra), further evidence --was ob- 
tained by measunng the oxygen uptake of B coli 
m phosphate buffer at different pH values, m 
Warburg vessels, with vanous substrates After 
mitial mcubation (37° C) with the diamidine for 
15 mmutes the percentage inhibition of respiration 
was measured at 10-mmute mtervals for 2 hours 
The manometer cups contamed diamidme solution 
(0 00012 M), substrate solution (0 01 M), 0 5 ml 
washed suspension of B coli contammg approxi- 
mately 10° orgamsms per ml , phosphate buffer 
(0 033 M), and 0 2 ml of 6 per cent (w/v) potas- 
sium hydroxide to absorb carbon ioxide , the 
volume was adjusted to 3 ml with salme The 
controls did not contam any -diamidme With 
sodium lactate as substrate, at pH 5 6, 6 8, and 7 8, 
the percentage inhibitions by propamidme after 
2 hours were 10, 35, and 72 respectively , for di- 
bromopropamidme they were 0, 51, and 82 , for 
hexamidme 0, 26, and 77, and for lodohexamidine 
29, 50, and 87 Similar results were obtamed with 
alamne, glucose, and sodium acetate as substrates 


It was evident that acidity decreased and alkalinity 
mcreased the inhibitory effect 

Acquired drug-resistance 

Resistant-bacteria, whether naturally occurring 
or developed durmg treatment with chemical sub 
stances, are well recognized and may make selec- 
tive treatment necessary Accordmgly, serial dilu- 
tions of the compounds m broth (2 per cent glucose 
broth for streptococci) were infected with the 
organisms (vanous strams of staphylococci and 
streptococci isolated from wounds were used), and 
after mcubation at 37° C for 24 to 48 hours the 
contents of the tube with the highest concentration 
of a compound showmg growth was used for infec- 
tmg a further senes The orgamsms were thus 
trained by repeated subcultivation to mcreasmg 
concentrations of the compounds, and the results 
m Table HI show the degrees of resistance attamed 
The resistance acquired by the vanous organisms 
was permanent and fairly readily mduced Cross- 
resistance experiments were also earned out, and 
these results are shown in Table IV The follow- 
ing conclusions can be drawn (I) staphylococci 
resistant to pemcilhn or to 5-ammoacndme were 
susceptible to diarmdmes , (2) staphylococci and 
streptococci resistant to one diamidme were resis- 
tant also to other diarmdines , A?) staphylococci 
resistant to diamidines were not resistant to pen’" 
cillm or 5-ammoacndme Treatment with di- 
armdmes m the human subject might, but would 
not necessarily, produce similar resistant strams 
We encountered some strams of pyocyanea fmm 
wounds which, although mitially resistant to di- 
amidmes, readily lost this resistance when kept for 
only a week m vitro on a drug-free culture medium, 
showmg that the resistance, m this instance, was 
not permanent It should be noted that in our 
experiments the resistance produced by pememm 
was much greater than that described by MeIn os 
and Selbie (1943) 
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TABLE IV 

CROSS-RESISTANCE OF INDUCED DRUG-RESISTANT STRAINS OF Staph aureus AND Strep pyogenes 
Figures indicate bactenostatic activities minim al concentrations in /ig /ml for complete inhibition of growth 


Orgamsm 

Strep 

pyogenes 

Staph 

aureus 

Staph 

aureus 


Strep 

pyogenes 

Staph 

aureus 

Drug-resistance 

Dibromo- 

propamidme 

resistant 

1 

1 

Propamidme 

resistant 

Penicillm 

resistant 

5-ammo- 

acndme 

resistant 

Ongmal 

unmodified 

stram 

Ongmal 

unmodified 

stram 

Dibromopropamidme 

Propamidme 

Hexamidme 

5-anunoacndme 

Pemcilhn 

128 

256 

32 

8 

0 1 

1 u /ml 



8 

128 

8 

8 

0 01 

1 u /ml 

1 

4 

05 

8 

1400 

1 u /ml 

1 

16 

1 

32 

0 01 

1 u /ml 

1 

4 

0 5 

4 

0 03 

1 u /ml 

1 

8 

1 

8 

0 03 

1 u /ml 


Toxicity and local tolerance (Talile V) 

(a) Systemic toxicity for mice — The LD50 m 
mice was deterrmned for both the mtravenous and 
subcutaneous routes symptoms were similar to 
those previously descnbed for other diamtdmes 
(Wien, 1943) Both dibromopropamidme and 
lodohexamidme had a depressor effect m the 
chloralose cat , dibromopropamidme mcreased 

--while lodohexamidme decreased the tone and 
movements of the isolated rabbit ileum 

(b) Toxicity to human leucocytes — K-dled 
staphylococci were added for 30 mmutes to 
citrated human blood previously in contact with 
diamidme solution for 3 hours at 37° C After 
hghtly centrifugmg the blood m capillary tubes, 
leucocyte films were prepared from the upper 
surface of the cellular deposit and stained by 
Gram’s method The average number of bactena 
in 25 phagocytes was counted and the least toxic 
concentration was noted where the result showed 
one or less than one coccus per cell 

(c) Toxicity to chick embryo — A wmdoW was 
cut in the shell of 10-day-old embryonated eggs. 


the shell membrane removed, and 0 3 ml of a solu- 
tion of a compound (two-fold senal dilutions, 
using at least 3 embryos for each dilution) dropped 
on to the collapsed chono-allantoic membrane 
The window_was sealed with a waxed coverslip and 
the mrmimum concentration causmg death of the 
embryo within 3 to 4 days was deterrmned 

(d) Effect on guinea-pig skin — Intradermal in- 
jections (0 05 ml ) were made into the shaved skm 
of gumea-pigs and the least concentration causing 
erythema or necrosis was observed The com- 
pounds were tested also for their effect on wound 
heahng (described later), and it was found that 
there was no delay in heahng with concentrations 
up to 0 4 per cent (m ointment base) 

(e) Effect on rabbit conjunctiva — Apphed under 
the eyelids of rabbits, solutions of the diamidines 
caused no irritation of the conjunctiva in concen- 
trations up to 1 1,000 

Antibacterial activity m vivo 

By injection — Although the diamidines display 
high bactenostatic and bactericidal activity against 


TABLE V ' 

THE SYSTESnC AND LOCAL TOXICmES OF PROPAMIDINE, DIBROMOPROPAMlDINE, HEXAMIDINE, lODOHEXAMIDlNE, 

ANP 5-AMJNOACRIDINE 


Compound 

j 

Average lethal dose 
mmg/kg for mice 

Mmimum toxic concentration 
(g/100 ml) for 

(^ 

mtravenous 

') 

1 subcutaneous 

(6) 

Human 

phagocytes 

(C) 

Chick 

embryo 

id) 

Gumea-pig 

skm 

Propamidme 

42 

55 


04 

01 

Dibromopropamidme 

10 

300 


08 


Hexamidme 

17 

62 




lodohexamidme 

6 

150 

0 1 

04 


5-ammoacndme 

15 

1 

100 

0 01 

01 

0 025 
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Gram-positive cocci, the*ratio of antibacterial acti- 
vity to systemic toxicity is such that little thera- 
peutic activity can be demonstrated when they are 
admmistered parenterally Hexamidine, given sub- 
cutaneously at the maximum tolerated dose, 
showed only slight therapeutic activity either in 
prolongmg the survival time of mice infected with 
a virulent strain of staphylococci, or in reducing 
the incidence of kidney' abscesses with a chrome 
strain Against salmonella and clostridial infec- 
tions in mice the results were similarly disappomt- 
iflg Very slight virucidal activity was shown by 
hexamidine, but not by the others, against influ- 
enza virus infections m mice, but the effect was 
barely significant « ' 

Locally — Compounds, in solution and in oint- 
ment base, were examined initially for local toler- 
ance on burn-wounds m guinea-pigs by Ungar’s 
(1944) method It was found that they did not 
delay the rate of heahng after treatment for 4 days 
at concentrations twice those toxic to phagocytes 
Infected wounds were produced on both flanks of 
the shaved skin of rabbits by scarifying the skin 
tissue and then mfectmg with Staph aureus or 
Ps pyocyanea The wound was kept moist and 
enclosed m a plastic cover (Robson, 1946) , solu- 
tions of the compounds were applied through a 
hole in the cover which could be closed with a 
screw Against staphylococcal mfections the di- 
amidines were effective in concentrations of 
1 1,000, but no effect could be demonstrated at this 
concentration agamst pyocyaneal infections Better 
results, however, were obtained in the human 
subject (Kohn and Cross, 1948) 

Mode of action 

Bemheim (1944) found that propamidine inhi- 
bited the oxidative metabolism of bacteria, and we 
found that the halogenated diamidines had a 
similar inhibitory effect We confirmed, also, that 
a 2-hour period of ineubation was necessary in 
order to obtam maximal effects, probably in order 
to allow diamidmes to penetrate the bacterial cell 
In studying the inhibition by diamidmes of oxida- 
tive systems vanous substrates were used, in order 
to discover the effect on the most important dehy- 
drogenases present m the bacterial cell The sub- 
strates used were glucose, sodium lactate, sodium 
pyruvate, sodium glutamate, sodium acetate, 
sodium malate, sodium succinate, and alanine 

The oxygen uptake of B coli was measured m 
Warburg vessels after a 2-ho'ur period of incuba- 
tion at pH 7 8 m order to obtam optimum effects , 
the manometer cups contained 0 00012 M diami- 
dme solution, 0 01 M substrate, 0 5 ml of a 
washed bactenal suspension of B colt containmg 


approximately 10® organisms per-ml, 0 2 ml of 
6 per dent potassium hydroxide, and 0033 M 
phosphate buffer 

It was found that the diamidmes caused marked 
inhibition and to a similar degree with all the 
substrates examined For instance, with glucose 
and sodium laotate as substrates the percentage 
inhibitions caused by propamidme after 2 hours 
at 37° C were 69 and 72 respectively, for dibromo 
propamidme the percentage inhibitions were 85 
and 87, for hexamidine 83 and 80, and for lodo 
hexamidine 98 and 90 There did not seem to 
be any relationship between the degree of mhibi- 
tion and the bacteriostatic activities of these di- 
amidines, although It should be noted that only 
one orgamsm (B coli) was employed m the 
manometne experiments 

Similar experiments were carried out with tissue 
preparations The substrates were sodium lactate, 
glucose, sodium sucemate, and chohne chloride 
The lactic and glucose dehydrogenases were 
obtained from rat brain tissue, and the succinic 
and chohne dehydrogenases were obtained from 
rat liver The manometer flasks were set up con 
taming 1 ml of 0 022 M phosphate buffer pH 7 8, 
0 2 ml of ODl M substrate, 0 00012 M (and 

0 0012 M) diamidine solution, Locke’s solution, 

1 ml of enzyme preparation, and 0 2 ml of 6 per 
cent potassium hydroxide , the volume was 
adjusted to 3 ml The flasks were incubated at 
37° C for two hours No mhibition of oxygen 
uptake was observed with any of the substrates 
except choline, with which 72 per cent inhibition 
was obtamed 

In bactenostatic experiments, with staphylococci 
in blood, p-aminobenzoic acid had no mhibitory 
effect on the bacteriostatic activity of propamidine, 
hexamidine, or their halogenated derivatives But 
Bichowsky (1944) found that nucleic acid reduced 
the antibacterial action of propamidme, and Bison 
(1945) suggested that phosphohpides competed 
with diamidmes for the amonic position on the 
cell We found in manometne experiments with 
sodium lactate as substrate that 0 1 per cent of 
nucleic acid reduced the inhibitory effect of proP 
amidine on the oxygen uptake of B call by 14 
per cent after 1 hour at 37° C and by 43 per cent 
after 2 hours It is suggested, therefore, that the 
diamidmes may act by deranging some phase m the 
metabolism of bactena mvolvmg nucleic acid 

Discussion 

The diamidmes are interesting compounds since 
they have such a wide range of action they are 
effective not only agamst protozoa but also against 
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bacteria and fungi The use of the diamidines as 
local bactericidal compounds requires the fulfil- 
ment of certain conditions — i e , the compounds 
should show high bacteriostatic and bactericidal 
activity, they should be effective in body tissues, 
and they should be- well tolerated locally _ Tests 
should parallel as far as possible the conditions of 
actual use , results obtained, therefore, in serum 
or blood have more sigmficance than those in 
broth, and in surface infections local toxicity to 
tissues IS of more importance than systemic toxi- 
city Although the diamidines are regarded as 
potentially toicic compounds for parenteral use 
they are well tolerated when applied locally , the 
small amounts absorbed from the surface are 
unhkely to produce any systemic effects 

In the mvestigation of many substituted di- 
amidmes it was found that the introduction of 
halogen in the 2-pokition mto one or both benzene 
nuclei had a favourable effect The introduction 
of two halogen atoms into the same benzene 
nucleus in the 2 6 positions was less 'beneficial — 
the mmimal effective concentration for 2-iodo- 
propamidme agamst staphylococci in blood was 4 
,ug / ml , whereas the mmimal effective concentra- 
tion for the 2 6 diiodo denvative was 16 /xg /ml 
Tbe halogenated stilbene compounds possessed 
less bactenostatic activity than the diphenoxy- 
alkane compounds , the halogenated diphenyl 
ethers were even less active (Table I) We observed 
that the homologous diguamdines displayed the 
same gradation in bactenostatic activity ^as the 
diamidines , similar results have been obtained by 
Fuller (1942) for aliphatic amidines and 
guamdines 

In an attempt to elucidate their mode of action 
we found that the diamidmes exerted a general 
inhibitory effect, to a similar degree, on a fairly 
wide range of oxidizable substrates The number 
of substrates involved may be an indication that 
an effect was exerted directly on a respiratory 
mediator common to a number of systems, and not 
on a specific dehydrogenase enzyme system No 
parallehsm was found between the effects obtained 
with tissue and bacterial enzymes , there may, how- 
ever, be some relationship between the effects of 
the diamidines in causmg both an inhibition of 
choline oxidase and fatty degeneration of the liver 
The experiments with induced drug-resistant 
strains of bacteria threw little light on the problem 
except to emphasize that dissimilar substances like 
pemcilhn and the diamidines probably have dif- 
ferent types of action, smce an orgamsm made 
resistant to one diamidme was also resistant to 
other diamidines but was sensitive to penicillm 


Gale (1947) has demonstrated a relationship be- 
tween the assimilation of glutamic acid by 
staphylococci and their sensitivity to pemcilhn, but 
we have not as yet investigated whether diamidines 

can similarly block glutamic acid assimilation 

\ 

Summary 

1 A study of the antibacterial properties of the 
diamidines showed that bactenostatic activity in 
the diphenoxyalkanes rose to a maximum from the 
propane to the hexane and nonane derivatives 
This increased bactenostatic activity was accom- 
panied by an increase in intravenous toxicity, but 
by only a relatively small increase in local toxicity 
to phagocytes Gram-positive bactena were more 
susceptible than Gram-negative bactena, and the 
bactenostatic activity was mamtamed in the 
presence of blood 

2 The introduction of halogen into one or both 
benzene nuclei in the diphenoxyalkanes further 
increased the bactenostatic effect against Staph 
aureus as well as agamst B coli, Proteus vulgaris, 
and Ps pyocyanea, with little alteration m local 
toxicity 

3 Two new denvatives, dibromopropamidme 
and lodohexamidine, were studied more closely, 
m companson with their parent compounds, for 
their possible use m surface infections "rhey 
showed both bactenostatic and bactericidal effects 
which appear to be due to mhibition of the oxida- 
tive metabohsm of bactena Small differences m 
pH markedly influenced both the mhibitory and the 
bactenostatic effects, which were mcreased in an 
alkahne medium and decreased in an acid medium 

4 Drug-resistant strains of bactena could 
readily be induced by repeated subcultivation in 
vitro , a diamidine-resistant strain, although resis- 
tant to other diamidines, was sensitive to penicillin 
and a pemcillm-resistant strain was sensitive to the 
diarmdmes 

We are mdebted to Miss Pattmson, Mrs Bradish, and 
Mrs Oakley for valuable assistance, to Dr Gordon and 
Miss Sowden for the biochemical part of this investiga- 
tion, to Dr J N Ashley and his colleagues for the 
preparation of the compounds , to Dr W R Thrower 
for initiatmg the climcal tnals, and Dr A J Ewins for 
his interest throughout the mvestigation 
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Since the completion of this paper we have noted an 
article by Bichowsky-Sloninitzki (/ Bad , 1948, 55, 33), 
who found that nucleic acid and certain polyammes 
(spermine and spermidme) antagonized the inhibitoiy 
effect of diamidines (stilbamidine and pentamidine) on 
the growth of B coH It was assumed that the diamidines 
caused metabolic disturbances of the cell nucleotides by 
fixation of nuclear substances, whereas a diflerent 
mechanism of action existed m the antagomsm between 
diamidmes and polyammes, which was probably asso 
dated with then competition for the same cellular 
substance 
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THE ACTION OF THE VENOM OF A MEXICAN SCORPION 
{CENTRUROIDES NOXIUS, HOFFMANN) ON 
CHOLINESTERASES 


BY 

E C DEL POZO (Mexico City) 
From the Physiological Institute, Cambridge 
(Received December 4 1947) 


Some of the effects of scorpion venom resemble 
those of esenne and other cholmesterase inhibitmg 
substances For mstance the venom augments the 
tension response of skeletal muscle to maximal 
motor nerve volleys and may produce spontaneous 
contractions (del Pozo and Anguiano, 1947) This 
potentiation was shown to be due to repetitive 
response of the muscle fibres similar to that pro- 
duced by esenne (Bums and del Pozo, 1947) If 
an anticholmesterase property of the venom were 
the cause of this effect, the venom should also 
produce eserme-like actions on other organs For 
instance, substances which act by inhibition of 
cholmesterase produce m the isolated intestme a 
charactenstic contraction which develops slowly 
and disappears only gradually when the drug is 
washed out The effect contrasts with the immedi- 
ate and quick contractions produced by drugs 
actmg directly on the smooth muscle The effect 
of venom was therefore exammed on the isolated 
intestine of the gumea-pig and rabbit In addition, 
in vitro experiments were performed to find out 
if the activity of true- as well as pseudo-cholm- 
esterase could be affected by the venom 

* Methods 

Pieces of the guinea-pig’s and rabbit’s small intes- 
tme were suspended in 16 c c Mg-free Tyrode 
solution The contracUons of the fibres of the longi- 
tudmal muscle layer were recorded by a Lovatt Evans 
frontal )vntmg lever The contractions of the circular 
muscle layer were observed with the naked eye 
through the glass wall of the tank, and were seen 
to cause a lengthenmg of the preparation Thus re- 
laxaUon of the longitudmal muscle layer and contrac- 
tions of the cucular layer both affected the record m 
the same direction The bath was emptied by over- 
flow and the substances were added in 0 2-0 5 c c 
saline, wth a synnge Air was bubbled contmuously 
through the T>Tode solution, the temperature of which 
was kept between 32 and 36° C 

Human serum was used as a source of pseudo- 
cholinesterase and mmced tissue of the caudate 


nucleus of rabbits as a source of true-chohnesterase 
Smce human serum contams practically no true- and 
the tissue of the caudate nucleus pracUcally no 
pseudo-chohnesterase, their effects on acetylchohne 
hydrolysis ar6 due m each case to one of the two 
enzymes only The effect of venom was compared 
with that of esenne, which mhibits both chohn- 
esterases (Hawkins and Mendel, 1947) 

The procedure adopted was as follows In pre- 
limmary expenments the amounts of cholmesterase 
preparation necessary to hydrolyse m 10 mm about 
90 per cent of 200 or 400 ^g of acetylchohne at 37° C 
were determmed Acetylchohne was estimated with 
the esemuzed frog rectus muscle It was found that 

0 2 to 0 25 c c human serum or the equivalent of 
about 10 mg tissue of the caudate nucleus made up 
m a final volume of 3 to 3 5 c c were required for 
this purpose Several samples were then set up 
simultaneously Each contamed the same amount of 
the cholmesterase preparation, to which was added 
either venom or esenne m varymg concentrations , 
the total volume was then made up to 2 or 2 5 c c 
with salme Ten mmutes later the acetylchohne (m 

1 c c ) was added to the samples , these were kept for 
another 10 mm before the enzyme action was stopped 
by acidification and boiling The samples set up with 
true cholmesterase (a suspension of finely ground 
bram tissue) were shaken dunng the whole 20 mm 
The acetylchohne content of the samples after 
neutralization was assayed on the esennized frog 
rectus muscle The venom present m some of these 
samples was found not to mterfere wth the assay 

The scorpion venom was obtamed from ground tel- 
sons of a Mexican scorpion QOentriiroides noxiiis 
Hoffmann) by extraction with saline and precipitation 
with acetone (Anguiano, 1947) A yellowish greenish 
powder is obtamed wluch is stable and soluble in 
salme. The certainly lethal dose of the powder on 
intravenous mjechons mto 20 g mice wus 1 1 mg , 
this dose killed the mice withm 15 to 30 mm 

Results 

1 Isolated intestine preparations 

Guinea-pig’s intestine — The addition of 2 to 
10 mg of venom extract to the 16 c c bath caused. 
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after a latent period of 30 to 60 sec , a slowly 
developing contraction of the longitudinal muscle 
layer After washing out the venom, relaxation 
proceeded gradually (Fig lb) The effect re- 
sembled that of eserine by its long latency, its 
gradual development and disappearance, it 
differed, however, from that of eserme in the 
following respects^ After replacing the bath with 
fresh Tyrode solution the effect of esenne subsided 
even more gradually that that of the venom extract 
(see Fig la and b) In addibon eserme has a 
more powerful action on the circular muscle The 
preparation, first shortened by esenne owing to the 
contraction of the longitudinal muscle, frequently 
shows short periods of lengthening as a result of 
strong contractions of the circular muscle layer 
This is seen in Fig la dunng the first four minutes 
of the esenne action With the scorpion venom, 
contractions of the circular muscle may be absent 
or occur only once or twici In the record of 
Fig lb one such period of lengthening owing to 
contraction of the circular muscle is seen after the 
admimstration of the venom 
Approximately 5 mg of venom were found to 
have an action equal to or somewhat smaller than 
that of 10 H-g of eserme , i e , eserme was about 
500 times more active than the venom extract On 
repeated admmistration the venom did not lose its 
power to cause contraction of the smooth muscle 
m the intestine , thus no desensiti 2 ation to the 


venom took place, unlike the characteristic desensi- 
tization which occurs with snake venoms 
Atropine had an antagomstic effect on the action 
of the venom extract, but the antagonism was less 
pronounced than with eserme In the exp'enment 
of Fig 1, atropme 1 in 1 5 milhon had abolished 
the action of 5 and even of 10 mg of venom 
extract, but 20 mg of venom extract still produced 
a pronounced contraction , on the other hand the 
preparation had become pracbcally insensitive lo 
150 /<g of esenne (at c) In some expenments one 
part of atropme m ^ milhon reduced but did not 
abohsh the effect of even 5 mg of venom extract 
Rabbit’s intestine — The effect of the venom ex- 
tract on the rabbit’s intestme resembled that on 
the guinea-pig’s intestine The addihon to the 
1 6 c c bath of 1 mg extract and, m some prepara- 
tions, even of 0 5 mg produced small contractions 
Stronger effects were obtained with the dddition of 
5 to 10 mg of venom extracts When these 
amounts were kept m the bath for a few minutes 
a gradually developing contraction of the longi 
tudmal muscle layer with usually slight contrac- 
tions only of the circular muscle occurred after a 
latent period of 30-90 sec Relaxation of the 
muscle after washmg out the extract proceeded as 
gradually as after esenne , the venom also pro- 
duced a contraction of the circular muscle layer 
shortly after bemg washed out, but to a less extent 
than eserme In nearly all expenments the effect 
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l^g \0(tg 5mg lOmg ISO^g 20mg 

Fig 1 —Contractions of the isolated guinea-pig’s mtestme m 16 cc bath 

washed out after 1 mm Fand E scorpion venom extract and eserme sulphate r^i^wiy 
washed out affer 2 mm a and 6 before, c dunng atropme sulphate 1 m I 5 million 
Time in 30 sec mdicated in a. For details see text ) 
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Summary 

The effects of extracts of the venom of ^ 
Mexican scorpion (Centruroides ndxius, Hoff' 
mann) were examined on chohnesterase prepara^ 
tions with the view of findmg out if the “ esermc' 
hke” effects this venom exerts on isolated tissue? 
and m animals on intravenous mjections could bf 
, explained by a cholinesterase inhibiting propei^ 
The venom extract was only found to inhibit 
pseudo- as well as tnie-chohnesterase when present 
in very high concentrations It is concluded that 
the symptomatology of the venom poisoning 
mdependent of, or dependent to a very slight 
degree only on, inhibition of cholinesterase 
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THE ACUTE DISTRIBUTION OF INTRAVENOUSLY 
ADMINISTERED LEAD ACETATE IN NORMAL 
AND R,4I-TREATED RABBITS 

BY 
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Little mformatioii is available about the actions of 
2 3-dimercaptopropanol (BAL) in poisoning by 
lead salts, and so far as is known nothing has been 
published about its effect on the distnbution of lead 
in the body This paper provides some new 
observations on the distnbution of lead, mdicated 
by the use of Pb^i* (thonum B) as a tracer, and on 
changes m the distnbution after the admmistration 
of BAL 

Methods 

Radioactive lead was obtained from the deposit on a 
charged button exposed to a thonum source A button 
with Pb'^® (mtensity of about 1 miUicune) was heated 
gently in a shghtly acidified 0 01 per cent (w/v) solution 
of lead acetate, so that the Pb*^^ deposit was exchanged 
for part of the lead in the solution For admmistration 
to rabbits a solution was prepared such that the volume 
mjected (2 0 ml ) contamed 2 07 mg of lead (as acetate) 
per kg body weight (i e 0 01 mM /kg ) mcorporatmg 
100-300 microcunes of Pb*^- dissolved m 4 per cent 
(w/v) dextrose Young rabbits of both sexes and vanous 
breeds and of average weight 1 3 kg were used. Injec- 
tions were made mto the margmal vein of one ear After 
ixyection the rabbits were placed m metabolism cages 
and allowed access to water but not food Their bladders 
were emptied by suprapubic pressure before ipjection 
and SIX, twelve, and eighteen hours afterwards, unless the 
rabbits were killed earher The animals were killed by 
h. blow on the head one, six, or twenty-four hours after 
the mjection of lead acetate Solutions of BAL were 
freshly prepared m 66 per cent (v/v) aqueous propylene 
glycol and were mjected mto the paravertebral muscles 
as discussed below 

Immediately after death the thorax-was opened, and 
blood was collected by bleedmg from the great veins 
Clottmg was prevented with heparm, and the samples 
were centrifuged immediately The organs were then 
dissected, startmg with those m which a low content of 


lead was expected, and takmg care to avoid contamma- 
tion between different tissues Complete organs were 
washed with water, dried of superficial moisture between 
filter papers, and weighed, they were then chopped finely 
and, m organs weighmg less than 10 g , ashed entire 
From other tissues samples weighmg 2 to 10 g were 
ashed Liver samples were taken from well-mixed 
choppmgs of the entire organ Muscle samples were 
taken from the outer part of the thigh Bone epiphysis 
and diaphysis were obtained from the long bones of one 
hind limb and one fore limb Marrow was completely 
removed from the central cavities of these bones and 
estimated separately The samples of diaphysis were 
therefore practically marrow-free, the viues for 
epiphysis, nbs, vertebrae, and skull vault were influenced 
by the amount of marrow contamed m the cancellous 
tissue The mjected ear and the small piece of cotton- 
wool used to control bleedmg were taken as an inde- 
pendent sample, and m the majonty of experiments the 
unmjected ear was taken as a control The amount of 
lead lost by leakage at the site of injection could therefore 
be assessed , the average amount was slightly more than 

2 per cent of the dose Duplicate samples were taken 
from the liver and one other organ , from these dupheates 
an estimate of the error of the lead determmations was 
made 

After bemg weighed the tissues were placed m long- 
necked flasks contammg 40 ml concentrated nitnc acid 
and 20 ml 60 per cent (w/w) pcrchlonc acid, and allowed 
to stand for at least 30 minutes The flasks were then 
heated cautiously until the contents were boihng, care 
bemg taken to prevent the formation of excessive amounts 
of foam The tissues dissolved and the solutions were 
boiled gently until about 20 ml remamed, when a further 
30 ml of concentrated mtnc acid was added Boiling 
was contmued until about 10 ml of clear solution 
remamed. In all, the solutions were boiled for H to 

3 hours If charrmg occurred dunng this process the 
flasks were allowed to cool and a few drops of fummg 
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nitric acid or hydrogen peroxide were added until a 
clear solution was obtain^ 

The contents of the flasks were washed into beakers 
and the volume made up to about 100 ml with water 
The reaction of the solution was adjusted to neutrahty 
with 40 per cent (w/v) sodium hydroxide (using B D H 
Umversal Indicator) , 0 25 ml of concentrated hydro- 
chlonc acid was then added, followed by 0 5 ml of 
1 12 per cent (w/v) lead acetate The lead was then 
precipitated as lead sulphide by the addition of 1 0 ml 
of 10 per cent (w/v) sodium sulphide In order to avoid 
the precipitation of calcium phosphate from ashed bone 
samples on the addiUon of the 40 per cent sodium 
hydroxide, a shghtly diflTerent procedure was adopted 
the aUcali was added until the phosphate began to be 
precipitated and then just enough concentrated hydro- 
chlonc acid to redissolve it was added with vigorous 
stirnng, lead acetate and sodium sulphide were then 
added as described above 

The precipitates of lead sulphide were allowed to 
stand for at least one hour before filtenng under moderate 
suction m small Hirsch funnels The precipitates were 
collected on small circles of filter paper 2 cm in diameter 
They were washed once with distilled water and once 
with acetone to carry down the portion adhering to the 
sides of the funnel and to facilitate drying The papers 
were removed when dry and the funnels were washed, 
first with a small quantity of concentrated hydrochloric 
aad and then with distilled water The filtrates and 
fiinnel washings were then neutralized, hydrochlonc 
acid, lead acetate, and sodium sulphide were added, and 
the fresh precipitates were filtered as described above 

The radioactivity of the precipitates so obtained on 
paper circles 2 cm m diameter was estimated by means 
of a Geiger-Muller counter of the usual bell-shaped type 
with a thm, supported mica wmdow, a paper screen 
bemg used to absorb the a particles The counter was 
calibrated at each experiment with samples prepared 
from ahquots of the solution used for mjection by 
precipitation with a lead sulphide earner as desenbed 
above In prehmmary experiments it was found that the 
total count per minute, corrected for the background, 
was proportional to the amount of radioactive solution 
used, over the wide range employed in the biological 
expienments, and that appreciable changes were not 
produced by doubling or halving the amount of lead 
earner used 

From the counts obtained on aliquots of the injected 
solution and the counts on mdividual samples under 
identical conditions, the proportion of the dose per 
gramme of tissue, and hence the lead concentrationiJer 
gramme of tissue, were calculated The total amounts of 
lead in organs of known weight were calculated from the 
data, and approximate values were obtamed for other 
tissues on the assiimpUons that the total blood volume 
was 70 ml /kg , the total weight of bone marrow 
20 g /kg (Nye, 1931), the total weight of bone without 
~ marrow 60 g /kg , the total weight of skin 120 g /kg , 
and the total weight of skeletal muscle 520 g /kg 
(Levme, Mann, Hodge, Anel, and Du Pont, 1941) 
With one exception the lead concentration m bone was 


taken as the value obtained from diaphysis, as-beuig the 
sample freest from marrow 

By taking two precipitates the error of the estimates 
was considerably reduced, since a small proportion of 
the lead sulphide of the first precipitate, lost either 
because it slipped under the paper or because the par 
tides were too fine to be retained, waS recovered in the 
second precipitate Also the ratio between the Geiger- 
Muller counts for the firsf and second preapitates 
(generally about 10) gave an indication of the reliability 
of a particular estimate The standard error 6f the lead 
estimations, calculated from duplicate determinations 
made dunng these expenments, was ±3 per cent The 
mean recovery of lead from the entire animal, calculated 
as desenbed above, was 90 per cent with a standard 
deviation of ±10 per cent of the dose 

Results 

Data are presented for the distnbution of lead in 
fourteen rabbits, all of which received a single dose 
of lead acetate containing 2 07 mg of lead per kg 
of body weight and eight of which were treated with 
BAL Of the rabbits which did not receive BAL, 
two were killed at one hour after injection, one at 
SIX hours, and three at twenty-four hours Of the 
treated rabbits, two were given 50 thg/kg BAL 
(i e 40 molecules per atom of lead) immediately 
after the lead acetate and were killed at one hour 
One rabbit was given 50 mg /kg one hour after the 
lead acetate and 12 5 mg /kg four horn later and 
was killed at six hours Two were treated_in the 
same way but were not killed until twenty-four 
hours Three more were treated with BAL 
50 mg /kg mneteen hours after the lead acetate and 
12 5 mg /kg at twenty-three hours and were killed 
at twenty-four hours The doses of BAL used were 
very near the toxic range, as maximal effects were 
bemg sought one rabbit of the last group (No 93) 
died nearly twenty-three hours after receivmg lead 
acetate, shortly before the small mjection of BAL 
was due lU effects were not observed m any of the 
other rabbits 

The concentrations of lead m microgrammes per 
gram ne of tissue and the percentages of the dose 
found m vanous organs and calculated for vanous 
tissues are shown m Tables I and II Considerable 
variation occurred between different rabbits which 
received the same treatment, especially at twenty- 
four hours, but from the general trend of results it 
appeared that with a few exceptions the distribution 
of lead when BAL was not given did not alter 
greatly between one and twenty-four hours Tfis 
exceptions were the plasma and lungs m which the 
lead content showed a steady declme, and in the 
contents of the alimentary canal, in which the 
amount of lead mcreased m the longer expenments 
Changes in other organs did not exceed the vanation 


TABLE I 

THE EFFECT OP TREATMENT WITH BAL ON THE CONCENTRATION OF LEAD IN THE TISSUES OF RABBITS ONE HOUR, SIX HOURS, AND TWENTY-FOUR 
HOURS AFTER THE INTRAVENOUS ADMINISTRATION OF LEAD ACETATE (2 07 MG Pb/KO ) 


LEAD ACETATE AND BAL 
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between dififerent rabbits killed at the same time 
50-70 per cent of the entire dose was found m the 
hver, where, as m the bone marrow and the spleen, 
the highest concentrations of lead (10-50 (ig /g ) 
occurred Concentrations of 1-5 (xg /g occurred 
m the red cells, lungs, kidneys, and bone AH the 
other tissues regularly sampled contamed about 

0 05 to 0 5 [ig of lead per gramme A small amount 
of lead was excreted m the unne (Fig 1), less than 

1 per cent m twenty-four hours and to judge from 
the movement of lead m the gut contents, another 
1 per cent or so was likely to be excreted m the 
faeces on the second and ttod days 

When BAL was administered several differences 
m the distnbuhon~of lead were observed The 
content and concentrabon of lead m the hver, spleen, 
and bone marrow were consistently reduced, except 
m the hver at six hours Data at six hours have been 
obtained for only one normal and one BAL-treated 
rabbit, the closely similar concentrations found m 
the hvers do not seem to be an outstanding exception 
to the thesis that BAL reduces the amount of lead 
m the hver The concentration of lead in red cells 
was also consistently lower after BAL, but this effect 
was offset by an mcrea^e m the amount m the plasma, 
so that the effect on total blood lead was variable 
On the other hand, the excretion of lead m the unne 
was mcreased five- or tenfold (Fig 1 and Table HI) 
The mcrease was still apparent between twelve and 
twenty-four hours even when BAL had not been 
given after the fifth hour In view of the usually 
transient effects of BAL on the excretion of other 
metals (Wexler, Eagle, Tatum, Magnuson, and 



Fig 1 — ^The effect of BAL on the cumulative excretion 
of lead m the unne of rabbits after the intravenous 
administration of lead acetate (2 07 mg Pb/kg ) 

Ordmates amount of lead excreted as a percentage 
of the dose admmistered (1% = 20 7 /xg Pb/kg body 
weight) Abscissae time m hours after mjection of 
lead BAL given mtramuscularly, either 50 mg /kg at 
1 hour and 12 5 mg /kg at 5 hours, or 50 mg /kg at 
19 hours and 12 5 mg /kg at 23 hours 

X X No BAL or before BAL 

O O After BAL 

Watson, 1946, Eagle, Magnuson, and Fleischman, 
1946, Eagle, Germuth, Magnuson, and Fleischman, 
1947) this findmg was somewhat unexpected In 
the rabbit which died at twenty-three hours (No 93) 


TABLE m 

THE URINARy EXCRETION OF LEAD AFTER INTRAVENOUS ADMINISrrRATION OF LEAD ACETATE (2 07 MG Pb/KG ) TO 
RABBITS, WITH AND WITHOUT SUBSEQUENT INTRAMUSCULAR INJECnONS OF BAL 


Rabbit 

No 

BAL { 

Urme volume ml 
at hours after 
mjection of lead 

50 

, mg /kg 
at (hrs 
after lead) 

12 5 1 

mg /kg 
at (hrs 
after lead) 

0-6 

6-12 

12-18 

18-24 j 

83 

ml 

ml I 

50 

- 

- 

- f 

86 

nil 

nil , 

50 



90 

nil 

ml ' 

0 

50 

50 1 

91 

nil 

ml 

18 

14 

15 : 

93 

19 



24 

1 

8 


94 

19 

23 1 

2 

5 



97 

19 

23 ' 

20 

28 

12 

18 1 

82 

1 

5 1 

12 





__ 

92 

1 

5 


5 


95 

1 

5 


24 

36 j 


Unne lead concentration pg./ml 
at hours after 
mjection of lead 


0-6 

6-12 

1 

006 

j 

[ 

0 15 

0 14 

1 



004 


0 36 



0 39 

0 67 


0 31 



10 7 — 

10 0 j 10 7 
12 8 16 4 


12-18 


18-24 


0 07 
0 05 
0 24 


0 70t 
0 93 


029 * 

4 35 % 

5 77 


064 
1 90 


The hea\'> black lines in the bod> of the table separate \alucs before injection of BAL from \ alues after its inicciion 
* 18 hours-22 hours *»0 minutes after injection of lead acetate 
1 12-21 hours after injection of lead acetate 
t 21-24 hours after injecuon of lead acetate ' 
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the one dose of B AL failed to increase the excretion 
of lead in the unne ^xcretion into the ahmentary 
canal was also^greatly increased, but the data are 
insufficient to show whether the increase was pnmar- 
_ ily due to bihary or to intestinal excretion Precau- 
bons were not taken to prevent coprophagy, and it 
is possible that some or all of the lead in the stomach 
contents got there m that way Increased concen- 
trations of lead were regularly found in the skeletal 
and cardiac muscle and in the stomach wall In 
the wall of the mtestine increased amounts of lead 
were found in animals kiUed shortly after adminis- 
tration of BAL, but in the rabbits (Nos 92 and 95) 
to which BAL was given at one and five hours and 
which were killed at twenty-four, any increase 
produced by BAL had disappeared In other tissues 
changes were small or vanable For example, bone 
diaphysis and lungs showed a decrease m lead 
content at one hour and an increase at twenty-four 
hours In rabbit No 94 the injected solution was 
observed to be cloudy, and it appears hkely that the 
exceptionally high concentration m the lungs was 
due to retention of some particulate matter, probably 
basic lead acetate, rather than to the action of BAL 
The vanous changes have been summarized m 
^ Table IV, m which bssues having common physiolo- 
gical functions and similar concentrations of lead, 
and in which the lead concentrabons were similarly 
affected by BAL, have been grouped together The 
oversimplifications mvolved are perhaps justified by 
the more immediate comprehensibility of the data 
' so presented 

TABLE TV 

Su ■nmary table of the dist abution of lead after intra- 
venous administration of lead acetate (2 07 mg Pb/kg ) 
to rabbits with and without subsequent intramuscular 
injections of BAL The figures given are the mean 
percentages of the dose found in each group of tissues 
for all similarly treated rabbits Details of treatment 
are as shown m Tables I, IT, and III 


Distribution at 

1 hour 

6 hours 

24 hour 

s 

Treatment 

No 

BAL 

BAL 

No 

BAL 

BAL 

No 

BAL 

Early 

BAL 

Late 

BAL 

No of Rabbits 

2 

2 

I 

1 


2 

3 

Liver, spleen, 
and bone 







64 

marrow 

80 

46 

76 

76 

68 

62 

Alimentary 
canal _and 








contents, 
faeces, and 














8 

.bUe 

0 6 

14 

0 7 

4 6 

3 

7 

Unne 

- 

- 

0 1 

6 

0 7 

11 

3 

Blood 

4 

7 

3 

1 

2 

1 

1 

Skeletal muscle 

1 6 

8 

1 

6 

1 

3 

5 

Bone 

0 

2 

12 

8 

7 

9 

10 


Discussion 

The extensive literature on the distnbution of lead 
in animals contains few observations on the imme- 
diate fate of a single dose of a soluble inorganic salt 
admimstered intravenously The most compre- 
hensive data appear to be those of Weyrauch (1931) 
and of Kehoe and Thamann (1933) for rabbits and 
of Behrens (1 925) for mice and cats In general the 
present results are consistent with those already 
pubhshed (Table V) for the rabbit, at least m order 

TABLE V 

Distribution of lead one hour after intravascular 
mjection of lead salts (after vanous authors) The 
figures given have been deduced from the published 
data in accordance with assumptions used elsewhere in 
this paper Kehoe and Thamann’s data are taken from 
rabbits killed half or two hours after the uijection of lead 


Per cent of dose in vanous tissues 


Author 

Behrens (1926) 

Kehoe 

and 

Thamann 

(1933) 

Gmsburg 

and 

Weatherall 

(1048) 

Species 

Mouse 

Cat 

Cat 

Rabbit 

Rabbit 

Lead salt 

Approx 

Chlor 
Ide “ 

Chlor 

ide 

Chlor- 

ide 

Chlonde 

Acetate 

dose 

(mg 

Pb/kg) 

16 

4 

0 04 

7-17 

2'> 

Blood 

20 

'36 

26 

2 6 

36 

Spleen 

— 

— 

0 2 

2 6 

1 6 

Liver 

29 

18 

20 

8 6 

62 

Intestine 

11 

3 

6 

6 

06 

Kidneys 

9 

1 6 

4 

1 6 

1 

Lungs 

— 

— 

0 6 

— 

0 9 

Heart 

0 7 

2* 

0 4* 

— 

0 03 

Muscle 



— 

6 

06 

1 5 

Bone 

10 

20 

20 

6 6 

0 

Brain 



— 

— 

1 

0 02 


•Lead given by intracardiac injection 


of-magnitude However, certain discrepancies are 
larger than might be expected from differences in 
dosage and in experimental technique Except for 
a smgle figure of Behrens’s for cats (/oc cir,p 353), 
bone and marrow apparently have been taken 
together by previous authors, m imspecified propor- 
tion and usually from imspecified sites In the 
experiments reported here, bone marrow has been 
found to contam up to eight tunes the amount or 
twenty times the concentration of lead m bone, 
particularly when relatively marrow-free diaphyses 
were sampled ^ It follows that estimates for 
and marrow t^en together mean httle, as small 
changes m the proportions of the two tissues in a 
sample must greatly influence the result Diffi^nces 
m the lead content of different bones and different 



LEAD ACETATE AND BAL 


229 


parts of the same bone m acute experiments are 
partly exphcable on this basis Behrens’s one figure 
for the lead concentration m the bone marrow of a 
cat IS considerably lower than that given for bone 
m'the same ammal This fihdmg is the opposite of 
all the present observations, and apart from the 
obvious possibflity of a species difference no explana- 
tion IS apparent The present findmgs are also 
duectly the opposite of those descnbed m chrome 
poisonmg m cats, and perhaps rabbits, by Aub, 
FauhaU, Mmot, and Rezmkoflf (1925) In other 
tissues the present values for blood and for the 
ahmentary canal are low when compared with the 
general trend of results Weyrauch’s data are gjven 
for dry weights of tissue suitably amended they 
appear qmte consistent with those here Kehoe and 
Thamann’s recovenes m their five experiments with 
lead chlonde lastmg less than twenty-four hours 
average 44 5 per cent, and while they have 
admittedly discarded their “remamder” it i? 
difficult to account for up to (m one case) 88 per 
cent of the dose outside the hver, spleen, kidneys, 
washed intestmal tract, blood, muscle, bone, and 
central nervous system It seems more probable 
that losses occurred durmg administration or 
estimation, and consequently that their values err 
towards the low side Some figures of Brady (quoted 
by Aub et al , 1925) for the lead content of the 
livers of anaesthetized rabbits with cannulated bile 
ducts after considerably larger doses of lead show, 
like the present data, about 50 per cent or more 
uptake of lead by that organ m the first few hours 
after mtravenous administration Behrens’s figures 
mdicate that m mice the uptake and excretion of 
lead by the kidney is much more rapid than in 
rabbits, and that excretion through the alimentary 
canal is also much greater the concentration per 
unit dose remainmg m the tissues is correspondmgly 
less Unnary excretion m the present experiments 
has been fairly steady, amounting to not more than 
1 per cent of the total dose m twenty-four hours 
The early disappearance of lead from the plasma 
agrees with the observations of Bambach, Kehoe, 
and Logan (1942), and with those of Mortensen 
and Kellogg (1944) m dogs and guinea-pigs 
It should be noted that the present work was 
done with young rabbits Kasahara and Anmichi 
(1934) found higher concentrations of lead in the 
blood of rabbits weighmg about 1 0 kg than in 
rabbits of double this weight fed on the same 
relative amounts of lead Their data can be mter- 
preted as due to differences either in the rate of 
absorption or of deposition and excretion, but they 
indicate some difference in the metabolism of lead 
by young and old animals It should also be noted 
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that the amount of radioactive matenal used m the 
present experiments was large The possibihty 
exists that some mjury was done to those tissues m 
which the matenal was most highly~concentrated, 
and that the affinity of the tissues for lead was 
consequently altered, but it seems imhkely that such 
an effect would be produced m the short duration 
of these expenments 

There is at present very httle mdication how BAL 
produces the descnbed changes m the distnbution 
of lead Some of the changes are probably due to 
the actions of BAL on the rabbit In view of the 
cardiovascular effects of BAL (Chenoweth, 1946), it 
IS not surpnsmg to find an mcreased amount of 
lead m the splanchmc area after simultaneously 
administered BAL But such actions are likely to 
be less important when lead has been fixed by the 
tissues, as appears largely to have happened within 
an hour Changes observed after this time more 
probably depend on the relative dissociabihty of the 
compounds formed between lead and the tissues 
and between lead and BAL, on the behaviour of 
the undissociated lead-BAL compound or com- 
pounds, and on the amount of BAL present m a 
given tissue The importance or otherwise of the 
last factor is illustrated by considenng the data of 
Peters, Spray, Stocken, Colhe", Grace, and Wheatley 
(1947), who showed that m a rat one hour after a 
dose of 100 mg /kg of BAL contaimng S=', 2 8 per 
cent of the dose was found m the hver and 0 17 per 
cent m the bram If a similar distnbution of BAL 
IS assumed in rabbits poisoned with lead, the 
amount of BAL m the hver of the rabbits descnbed 
here would not have greatly exceeded one molecule 
per atom of lead, even if all the S’* were present as 
unaltered BAL, whereas the amount of BAL m the 
bram would have been a two-hundredfold excess 
In spite of this, BAL had a greater effect on the lead 
content of the hver than on that of the bram 
Without data about the distnbution of BAL in the 
conditions of the present expenments, detailed 
consideration on these hues is not profitable 
Weatherall (1948) has shown that, after a single 
dose of lead acetate by stomach tube m rabbits, 
BAL dimmishes the subsequent anaemia, increases 
the coproporphynn excretion, and does not greatly 
affect the mortality The present observations arc 
consistent with Weatherall’s hypothesis that BAL 
acts by prevenUng the uptake of lead ions by red 
cells, and they indicate moreover that BAL can 
probably remove lead from cells which have already 
taken it up On the other hand, no light is thrown 
on the mcreased coproporphynn excretion, nor on 
the mcreased mortality produced by BAL m sub- 
acute lead poisoned rabbits (Braun. Lusk}, and 
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Calvery, 1946), nor on the prevention of the renal 
effects of lead m rats (Chiodi and Sammartino, 
1947) Further and more chronic experiments are 
necessary to provide evidence on these p6mts 

Summary 

1 The distnbution of lead m the tissues of 
rabbits aher mtravenous injection of lead acetate 
(2 07 mg Pb/kg ) has been studied by the use of the 
short-hv6d isotope Pb”= (thonum B) 

2 The distnbution has been similaf in most 
respects at 1, 6, and 24 hours High concentrations 
were found m the hver, spleen, and bone marrow 
moderate concentrations jn red cells, lungs, kidney, 
and bone and small amounts in all other tissues 
50-70 per cent of the admimstered lead was found 
m the hver, 15-25 per cent m bone marrow, and 
5-12 per cent m bone Less than 1 per cent was 
excreted m the unne m the first 24 hours, and 
1-2 per cent was found m the contents of the guL 

3 After mtramilscular mjection of BAL the 
urmary excretion of lead was mcreased to 3-1 5 per 
cent of the dose, even when BAL was not given 
until mneteen hours after the lead, and larger 
amounts of lead were found also m the contents of 
the gut 

4 Other changes when BAL was administered 
were a reduction of the concentration of lead in the 
hver, spleen, bone marrow, and red cells, and an 
increase of the concentration m cardiac and skeletal 
muscle After BAL 20-48 per cent (m one case 
60 per cent) of the lead was found m the liver, 
7-13 per cent (m one case 30 per cent) in the bone 
■marrow,-4-l 3 per cent m bone, and up to 10 per cent 
m skeletal muscle 

5 The significance of these changes is discussed 
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In acute expenments on lightly anaesthetized cats, 
a quantitative study has been made of the gastric 
secretory response to contmuous intravenous infu- 
sion of histamine solutions This is a necessary 
prehminary to the use of the method in the mvesti- 
gation of the effects of various substances on gastnc 
secretion The use of an infusion of a low concen- 
tration of histamme as a gastnc secretory stimulant 
is not new Ivy and Javois (1924), Gutowski (1924), 
TeoreU (1932, 1933), Emmehn et al (1941), Uvnas 
(1943), Emmehn (1945), Emmehn and Frost (1947), 
and Obnnk (1946) have reported expenments using 
this method However, the earher workers did not 
maintam a constant rate of infusion for more than 
a short period Etnmelm (1945) used a “special 
device” and Obrmk (1946) used the apparatus 
described by Lmdgren (1943) for the continuous 
delivery at a constant rate of small volumes of 
solution from a synnge The apparatus used in the 
present work is described below 

Information was sought on the possibihty of 
maintaining, for some hours, a steady output of 
gastric juice and acid in the anaesthetized cat It 
was also desired to find out what rate of histamine 
infusion would give a submaximal stimulation of 
the secretory cells, such as would be necessary if the 
method were to be useful for the mvestigation or 
assay of inhibitory substances Some guidance was 
given by the results of previous workers Figures 
for infusion rates have been calculated approxi- 
mately from data given m their publications and are 
presented for convenience in Table I The rate of 
infusion IS given in terms of Eg of histamine base 
per kg of body weight per minute Where the 
weight of the ammal was not recorded (marked *), 
average weights of 10 and 3 kg have been arbi- 
tranly assumed for dog and cat respectively 


TABLE I v 


Source 

Animal 

Anaesthetic 

Infusion 
Pg / 
kg /mm 

Remarks 

Gutowski 

(1924) 

Ivy and 
Javois (1924) 

dog* 

decerebrate 

2 


pouch 

dog 

none 

2 7 

submaximal 
(30-46 nun ) 

TeoreU (1933) 

cat* 

chloralose 

and 

urethane 

2 2 

(appro\ 

submaximal 
(15 nun ) 

Emmelin ei al 

cat 

decerebrate 

0 6-1 6 


(1941) 

pouch 

dog 

cat 

none ! 

0 6-0 6 

1 

Bjorkman et 

chloralose 

6 1 

maximal 

al (1943) 


and 

urethane 

1 7 

submaximal 

Obnnk (1940) 

pouch 

dog 

cat 

none 

2 2 

maximal 

Emmehn and 
Frost (1947) 

chloralose 

2-7 

usuaUy 

2-3 



From all these reports it seemed likely that an 
infusion rate of about 2 to 3 jig histamine base per 
kg of body weight per minute would stimulate a 
submaximal gastnc secretion m most anaesthetized 
cats 

The part played by histamine as a natural gastnc 
secretory stimulant under normal and pathological 
conditions m man is still undecided, however, the 
fact that histamine can sumulate gastnc secretion 
has led many workers to mvestigate the action of 
antihistamine substances on this response to hista- 
mme Such substances might be useful in the 
mvestigation of the exact role of histamine in 
normal gastric secretion, apart from a possible 
therapeutic apphcabon There have been con- 
flicting reports on the effects of such substances on 
gastnc secretion, and the position has recently been 
summarized m the review by Loew (1947) Present 
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opinion (Grossman and Ivy, 1946, Loew, 1947) is 
that none of the antihistamme substances so far 
tested has any significant inhibitory efiect on 
histamme-mduced gastnc secretion 

The potent antihistamme substance, p-dimethyl- 
ammoethyl- N-p- raethoxy benzyl- a - ammopyndme 
(“neoantergan,” 2786 R P ), has recently been 
mtroduced m this country as “anthisan ” Bovet 
and Walthert (1944) reported that it did not inhibit 
gastnc secretion mduced by histamme m the rat, 
and this was confirmed m man by Decourt (1945) 

Some experiments have been made, usmg the 
method descnbed below, to study the efiect of 
neoantergan on the gastric secretory efiect of 
histamme m the anaesthetized cat 

Experimental Methods 

Cats weighmg from 1 75 to 4 72 kg (average, 2 67 kg ) 
were used after prehmmary withholding of sohd food for 
1 8 to 24 hours In a few animals anaesthesia was mduced 
with chloroform and contmued with cyclopropane and 
oxygen The depth of anaesthesia coidd be readily 
vaned from complete surgical anaesthesia dunng the 
operative procedure to a light plane of narcosis dunng 
the remamder of the expenment The mam disadvantage 
apart from the shght danger of explosion is that of 
expense In most animals anaesthesia was produced by 
mtraperitoneal injection of sodium pentobarbitone, small 
mamtenance doses bemg given intravenously when 
required later The anaesthetized ammal was prepared 
for collection of gastnc secretion by the method of Lim 
(1923) as recently modified by Roth and Ivy (1944) 

The stomach and duodenum are approached by a 
midlme abdommal incision and a cannula is inserted mto 
the stomach through the pylorus from an openmg m the 
first part of the duodenum The duodenum is hgated 
just proximal to the entry of the bile duct and the 
cardio-oesophageal junction is also tied, the vagi bemg 
excluded from the ligature The cannula is a piece of 
perforated soft rubber tubmg about 7 cm long and of 
“about 0 4 cm bore It is tied on to a short length of 
glass tubmg around which the pyloric hgature is tied, 
the local blood vessels bemg carefully preserved From 
the othw end of the glass tubmg another short rubber 
tube passes to the extenor through a stab wound m the 
nght side of the abdommal wall, at the level of the 
pylorus The animal is arranged shghtly tilted on its 
nghft side so that the gastnc juice flows readily from the 
stomach, without stasis In only two of some seventy 
animals have more than a few drops (<0 5 ml ) been 
found m the stomach at the end of 6-7 hours of collection 
of juice The stomach is gently nnsed out with warm 
sahne via the pyJonc cannula, and after closure of the 
abdommal incision the animal is left for an hour before 
the infusion is commencecL The whole procedure takes 
only a few mmutes, and under the conditions descnbed 
the rate of secretion at the end of one hour is basal and 
of the order of one or two drops m ten mmutes, no Tree 


acid bemg detected It is important that the animal be 
kept warm dunng the whole of the expenment 
The mfusion apparatus vm designed and made by 
Dr E H J Schuster, it incorporates a cyhnder with 
close-fittmg reversible piston, ongmaUy a small hydrauhc 
jack This apparatus dehvers a constant slow flow of 
hquid paraffin to a vessel from which the mfusion fluid is 
displaced mto the cat By means of an electnc gramo 
phone motor and a vanable reversible gear, a contmuous 
mfusion can be mamtamed mdefinitely at a rate vanable 
from 0 19 to 6 0 ml per mm Histamme acid phosphate 
is made up m normal sahne, and the mfusion of 0 75 ml 
of sahne per mm easily replaces the fluid and chlonde 
lost m the gastnc jmce "(Throughout this paper doses 
of histamme are doses of the base ) In control animals 
mfusion of sahne alone did not cause any secretion 
greater than the basal rate The total volume of jmce 
and the amounts of free and -total acid were measured, 
samples bemg collected at intervals of 10 to 30 mmutes 
for up to 7 hours For acid titration N/50 or U/20 
sodium hydroxide was used with thymol blue as the 
usual indicator for the two endpomts Peptic activity 
of the juice has not been measured. 

In most of the expenments with neoantergan it was 
infused with histamme m the same solution In three 
other expenments, after an mitial penod of two hours 
dunng which 5 /ig histamme per mm was infused, the 
mfusion was rapidly changed to a mixture of 5 /ig 
histamme and 15 gg neoantergan per mm for IJ to 
2 hours Fmally the ongmal solution of histamme was 
substituted for the mixture The solutions were changed 
with only a momentary mterruption of the flow smce it 
was arranged that the pump could deliver liquid paraffin 
to either of two bottles by changmg a number of clips 

Results 

The average volumes of juice and of free acid 
secreted by groups of 6 or 7 cats dunng successive 
30-iiun penods of histamine mfusion are shown in 
Fig 1 The four groups of cats received histamme 
infusions of 2 5, 5, 10, and 20 pg per min respec- 
tively for 5-6 hours After an mitial delay varying 
from about 30 to 90 mmutes, dunng which there is 
a steady increase m secretion, a reasonably constant 
rate of secretion is mamtamed for some 5 hours at 
least The mitial delay is less at the higher rates of 
mfusion, as might be expected The groups receiving 
10 and 20 pg histamme per mm achieve much the 
same peak rate of secretion When the average 
hourly secretion rates are compared with the rate 
of mfusion as m Table II and Fig 2, it can be seen 
that although there is a wide vanation between 
the responses of mdividual cats there is a relation 
between the mean rate of secretion m a group of 
cats and the rate of histamme mfusion It is certain 
that m most cats secretion is not maximally stimu- 
lated by an mfusion of 5 pg histamme per nun 
and probably not by 10 pg per mm If the rates 


ml luica par 30 min Fre« add wl ’'/» HCI per 30 ml* 
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Fig I — Mean volumes of jmce arid free acid secreted m 
successive 30-niinute penods by groups of cats 
receiving different rates of histamine infusion 
2 5, 5, 10, and 20 fig /mm (equivalent to range of 
0 74 to 125, 1 4 to 2 3, 3 4 to 4 5, and 5 3 to 9 8 fig 
histamme/kg /mm ) m groups of 6, 7, 6, and 6 cats 
respectively Infusion started at zero time 
Abscissae, time m hours Ordmates ml , juice and 
NI20 HCI in 30 mm 


of infusion are correlated with the weights of the 
individual amraals it is found that a rate of histamine 
infusion m excess of 4 pg per kg per mm causes 
maximal secretion m most animals The secretion 
due to 2 to 3 pg histaimne per kg per mm is usually 
submaximal 



Fig 2 — ^Average hourly secretion rates (gastnc juice and 
free acid) over a penod of 5-6 hours in groups of 
cats, at different rates of histamme infusion 
Abscissae rate of histamine mfusion (logarithmic, 
scale) Ordmates rate of secretion 


Infusion of neoantergan alone (15 pg/mm) did 
not stimulate gastnc secretion in excess of the “basal” 
level and no free acid was detected m such juice 
In Figs 3 and 4 average secretion curves are com- 
pared for groups of cats given histamme alone and 
mixtures of histamme and neoantergan Secretion 
in a group of cats given 5 pg histamme and 15 pg 
neoantergan per mm is greater than that due to 
5 pg histamme per mm alone (Fig 3) This is also 
apparent from the average hourly secretion rates 
shown m Table III From Fig 4 it will be seen that 


TABLE n 

MEAN RATES OF SECREHON OF JUICE AND FREE ACID IN RELATION TO RATE OF HISTAMINE INFUSION 

(Histamme doses are given m terms of free base, the acid phosphate was used) 


Group rate 
of 

mfusion 

No of 
cats 

Avge 

wt 

(kg) 

Range of 
mdividual 

1 infusion rates 
pg /kg /mm 

Mean rate of 
secretion of juice 

Mean rate of acid 
production (AyiO HCI) 

1 ml /hr 


€ 

ml /hr j 

1 

1 

1 c 

2 5 pg /mm 

6 

j 27 

0 74-1 25 

2 61 

1 78 ' 

i 0 73 

1 89 } 

2 24 ! 

1 1 00 

5 0 pg /min 

7 

2 85 i 

14-23 j 

1 

3 50 

2 25 

' 0 85 ! 

1 

3 26 1 

3 33 1 

1 26 

10 0 pg /min 

6 

2 52 

3 4-45 

7 20 

1 3 50 

' 1 43 ' 

1 

5 78 

3 19 , 

I 30 

20 Opg ;min 

6 

1 2 58 

1 5 3 -98 ^ 

1 

8 42 

, 2 41 
' 1 

0 98 ! 

1 

j 9 07 , 

1 * 

4 47 ’ 

' 1 83 
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Fio 3 — Effect of neoantergan Comparison of secretion 
of gastric juice and free acid due to 5 /ig histamine/ 
mm (A) and a mixture of 15 jig neoantefgan and 
5 ng histamme/mm (B) Secretion induced by 
the mixture is heater than with histamine alone 
Figures are average values for groups of 7 and 6 
cats respectively 


TABLE Ur 

THE EFFECT OF NEOANTERGAN ON GASTRIC SECRETION 
INDUCED BY HISTAMINE INFUSION, 5 jiG /MIN 


A Infusidn 6 /ig histaraipe per mm 


Cat 
' No 

Weight 

kg 

Duration, 

hours 

Average rate of secretion 

Juice, 1 

ml /hr 

IV/IO acid, 
ml /hr 

, 28 

2 76 

6 

6 90 

6 86 

34 

3 26 

6 

1 20 

0 60 

' 36 

2 80 

6 

6 20 

6 66 

36 

2 60 

6 

0 66 

- 0 00 

37 

2 90 

6 

1 90 

0 66 

. 46 

2 18 

6 

3 76 

3 86 

68 

3 60 

7 

6 90 

6 30 

Jlean rate ± standard error j 

3 60 ± 0 86 

3 26 ± 1 26 


B Infusion 6 /ug histamine +16 /ig neoantergan per min 


29 

2 60 

6 

3 10 

2 60 

40 

2 45 

6 

3 96 _ 

0 76 

43 

1 87 

4 

_ 6 60 

6 66 

44 


6 

6 20 

6 86 

47 

' 2 60 

6 

12 06 

16 66 

48 

3 48 

6 

! 1 80 

0 80 

Me,an rate ± standard error 

6^3 ± 1 47 

'6 33 ± 2 08 
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histamme per mm (6 cats) (A) with that due to 
infusion of the same amount of histamine and 5 or 
15 fig ^ neoantergan per mm (3 cats each) 
15 fig neoantergan (B), 5 fig neoantergan (Q 

the secretion produced by 20 pg histamine and 
15(ig neoantergan per mm is probably greater than 
that due to histamme alone, although the secretion 
produced by 20 pg histamme and 5 pg neoantergan 
per nun is less_^ than that due to histamme alone 
These contrary findmgs may be partly due to the 
small number of animals tested m this group 
(Table IV) 

In two of three other expenmenfs, in each of 
which the effects of infusions of histamme and 
neoantergan and of histamme alone were compared 
m the same -animal, there was a defimte mcrease m 
secretion of juice and aad dunng the penod of the 
mixed infusion compared with that due to histamme 
only (Fig 5) The effect was absent m the third cat , 
Certainly no inhibition of gastric secretion was 
observed 
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TABLE IV 

THE EFFECT OF NEOANTEROAN ON GASTRIC SECRETTON 
INDUCED BY 20 fiO HISTAMINE/MIN 


J 

20 fig histamine per mm 


Cat 

No 

Weight 
kg 1 

1 

- 

Duration, ; 
hours 1 

1 Average rate of secretion 

Juice, , 
ml /hr 

NIIO HCl, 
ml /hr 

16 

2 05 

4 

3 66 

1 05 

16 

2 60 

1 6 

' 0 10 

9 80 

17 

2 30 

I 6 

t 9 20 

8 86 

18 

2 45 

I 6 

9 86 

10 06 

20 

2 36 

7 

10 16 

14 80 

64 

3 80 

5 

8 60 

[ 9 90 

Mean rate ± error 

8 41 ± 0 99 

9 08 ± 1 83 


20 fig histamine and 6 /jg neoantergan per mm 


1 

22 

2 60 

6 

1 

4 35 

3 60 

23 

3 60 

6 

2 80 

1 60 

24 

2 75 

6 

8 86 

9 06 

Mean rate ± error 

1 

5 33 ± 1 82 ! 

4 67 ± 2 24 

20 lig histamme and IS ftg neoantergan per ram 

25 

1 80 

1 

6 

11 80 

2 16 

20 

1 80 

i 6 

12 90 

19 20 

' 27 

2 70 

6 

7 70 

8 95 

Mean rate ± 

error 

,10 8 ± 1 68 

10 1 ±4 95 


clO 

E 

o 

m 8 
c 

S 6 

L. 

U 

vt 

V 4 
u ^ 


E 2 



Time (hr ) 

Fig 5 — Effect of neoantergan on gastnc secretion of 
cats 49, 50, and 51 5 pg histamine per min at A 

and C (C' for cat 51), 5 pg histamine and 15 pg 
neoantergan per mm between B and C (C for 
cat 51) Pentobarbitone anaesthesia. 


The majont}’ of the results suggest the probability 
(hat neoantergan may increase rather than reduce 
the stimulation of gastnc secretion by histamine 


Discussion 

Contmuous intravenous infusion of histamme 
causmg submaximal secretion of gastnc juice and 
acid has given in most animals a reasonably steady 
flow of juice and acid for some hours after the first 
30 to 90 minutes, dunng this imtial penod the 
secretion is mcreasmg to the steady level At the 
highest rates of infusion used there is a tendency 
for the rate of secretion, which is probably maximal, 
to fall oflT after 5-6 hours In most animals a rate 
of mfiision of 2 to 3 pg histamme per kg per min 
wdl not stimulate gastnc secretion maximally, alid 
this rate of infusion is probably suitable if it is 
desired to test the effect of other substances on the 
secretion produced by histamme In a particular 
animal one can test whether the secretion is m fact 
submaximal by observmg the effect of increasing 
the rate of infusion once a steady rate of secretion 
has been obtained The former level of secretion is 
usually regained within 30 minutes of reducing the 
infusion rate agam 

The effect of substances which antagomze hista- 
mme or histamme-induced gastnc secretion can be 
mvestigated The test substance may be injected m 
smgle doses dunng the histamme mfusion, or average 
secretion curves for groups of animals receivmg 
histamme alone can be compared with similar curves 
for groups receivmg histamme and the antagonist 
A quantitative estimation of the effect can be 
obtamed with either method 

The finding that neoantergan did not inhibit the 
effect of histamme on gastnc secretion was expected 
m view of earlier work There seems little doubt 
that, hke other less potent antihistamine agents, 
neoantergan does not decrease the gastric secretory 
effect of histamme Even the much more potent 
thiodipfaenylamme denvative, 3277 R P , has been 
shown to be ineffective against the gastric ulceration 
produced by large doses of histamme m the gumca- 
pig, although protecting the animal from the 
immediately lethal effect of the histamme (Halpcrn 
and Martin, 1946) Clinical evidence confirms that 
neoantergan has no value m the control of gastnc 
hypersecretion (Decourt, 1945) The evidence 
reported here strongly suggests that neoantergan 
may actually increase the gastnc secretory response 
to injected histamine Similar effects after the 
administration of benadryl have been reported by 
Emmelin and Frost (1947) in anaesthetized cats and 
by McElm and Horton (1946) and Doran (1947) in 
man 

This probable potentiation of histamine action on 
gastnc secretion may link up with the reported 
aggravation of sjmptoms m some asthmatic patients 
treated with antihistamine substances (see Bovet and 
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Walthert,’ 1944, p 38) These authors pointed out 
that this finding might be due to an increased 
“histaminaemi^^’ and Geinnger (1947) has recently 
reiterated this possibihty m a comment on the 
conclusions of Doran Proof of such an explanation 
of the apparently anomalous findmg awaits further 
experiment 


SUMMAR? 

1 Gastnc secretion has been collected from cats, 
anaestheti 2 ed with sodium pentobarbitone, by a 
cannula tied mto the stomach through the pylorus 
Volumes of juice and of free and total acid secreted 
have been measured 

2 The mean rate of secrebon of jmce and of aad 
m a group of cats is related to the rate of infusion of 
bsstamiae, afcftougit the rate of sectettaa abtamed 
with a certain rate of histamine infiision vanes 
considerably from animal to animal 

3 The infusion of 2 to 3 |ig histamme per kg 
per mm causes a submaximal secretion m most 
cats, which remains relatively steady after the first 
30 to 90 minutes for at least 5 or 6 hours 

4 The method can be used- to mvestigate the 
effect of other substances on the gastnc secretion 
mduced by histamme 

5 The antihistamme substance neoantergan has 
. been found to increase rather than to inhibit the 

gastnc secretion mduced by an infusion of histamme 
The imphcabons of this fedmg are discussed 


These experiments were begun in the Department of 
Pharmacology, Oxford, at the suggestion of Prof 
J H Bum To him and to Prof E J Wayne I am 
grateful for contmued stimulation and interest Neoan- 
tergan and anthisan were kmdly supplied by Dr D 
Bovet and by Dr R Wien Part of the expenses have 
been met by a grant from the Medical Research Council 
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Conessyie is an alkaloid obtained from the bark 
and seeds of Holarrhena antidysenterica, a tree 
growing m India The alkaloid has been studied 
by many workers (Keidel, 1878 , Bum, 1914 , 
Chopra, Gupta, David and Ghosh, 1927 , Chopra, 
1933 , Bakhsh, 1936) who have descnbed vanous 
properties bearing little or no relation to one 
another Conessme is a typical example of the 
many alkaloids descnbed m reference books of 
pharmacology the properties of which are difficult 
to remember because there is no sign of connexion 
between them and because they appear to be 
entirely fortuitous 

A report from Frfere Just Gillet, S J , mission- 
ary in the Belgian Congo, that the chewmg of the 
leaves of the plant Holarrhena congolensis pro- 
duced anaesthesia of the mucous membrane of 
Jhe mouth, led Bum (1914) to examme conessme 
experimentally for local anaesthetic action, which 
he found it to' possess Further work on this 
action was carried out by Trevan and Boock 
(1927) The use of conessme as a local anaesthe- 
tic IS, however, limited by the fact that when 
injected it causes necrosis Two isomers of con- 
essme, namely lyoconessme and ncoconessme, 
have been prepared by Dr S Siddiqui by treat- 
ing conessme with sulphuric acid Samples of 
conessme dihydrochlonde, woconessme hydro- 
chloride and ncoconessme hydrochlonde were left 
with Prof Bum by Dr Siddiqui with the request 
that they should be compared with one another 
for local anaesthetic potency and for local imtant 
action There was a possibility’ that one of these 
substances would prove as potent as conessme and 
not cause an inflammatory reaction when injected 


The three substances have therefore been com- 
pared for their irritant action, and the method 
used for makmg this companson will be descnbed 
m a later paper They have also been compared 
for local anaesthetic action In addition these 
substances have been examined for other proper- 
ties , several local anaesthetics are known to 
depress the action of acetylchohne on the rectus 
muscle of the frog, and de Elio (1948) has even 
observed a quantitative parallelism Dawes’s 
work (1946) showed that many local anaesthetics 
had a qumidme-hke action on the heart Con- 
essme and Its isomers have therefore been exam- 
ined on skeletal and on cardiac muscle Since the 
results mdicated a similanty to quimdme, and 
smce de Elfo (1948) had shown that quimdme had 
a spasmolytic action, reducing the action of 
acetylcholme on the intestine, conessme and its 
isomers have also been tested in this way 

Experimental Observations 

Local anaesthetic action — No figures exist for 
the relation betw’een the local anaesthetic potency 
of procaine and conessme when given by injection 
Conessme and its denvatives were therefore com- 
pared w'lth procaine by mtracutancous injection 
into gumea-pigs according to the method of BUl- 
bnng and Wajda (1945) The results for conessme 
when compared with ncoconessme and iroconessme 
on the same animals arc showm in Fig 1, from 
which It appears that ncoconessme is the wcalest, 
having 48 per cent of the strength of conessme, and 
fjoconessme is intermediate, having 77 per cent of 
the strength of conessme A careful comparison of 
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Percentage concentration, logarithmic scale 


Fig I — Graph showing the relative local anaesthetic 
potencies of conessine, woconessine and neocones- 
sme Each point represents the mean degree of 
anaesthesia m 8 areas If conessine = 100, then 
'/roconessine = 77 and neoconessms = 48 

TABLE I 

LOCAL ANAESTHEnC POTENCIES IN TERMS OF CONESSINE 
= 100 

(Intracutaneous injection into guinea-pigs) 


If 

( 

Local anaesthetic 
action 

Inhibition of 
ACh on frog 
rectus 

Conessme 

100 

100 

/roconessme 

77 

73 

JVeoconessine 

48 

60 

Cocaine 

47 

30 

Qumidme 

10 

20 

Procaine 

7 

10 


- conessine with procaine showed that the relative 
anaesthetic potencies c:an be expressed as in 
Table I, in which the figures for quinidine (de Elio,- 
1948) and for cocaine (Btilbnng and Wajda, 1945) 
are also included for comparison 

Table I shows that conessme is appreciably 
stronger than its derivatives, but that the weakest, 
neoconessine, differs little in potency from cocaine 

Frog ^rectus — ^The stimulant action of acetyl- 
choline on the frog rectus muscle was found to be 
depressed by conessme and its isomers An illus- 
tration of this action is given- m Fig 2 m which 
the effects of all three substances are shown. A 
direct comparison of uoconessme and -quimdine 


showed that quinidme had 28 per cent of the 
potency of w^onessine in depressing acetylcholine 
on the frog rectus When de Elfo (1948) compared 
four local anaesthetics, procame, cocaine, amefho- 
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Fio 2 — ^Record of .contractions of the frog rectus 
abdommis pToduced by a concentiabon of 3 75 '/ 
10"’ acetylcholine acting for 90 sec TThe contractions 
were obtained at 6 min intervals and those marked 
N, C and I were preceded by exposure of the muscle 
for 4i min to concentrations of 4 X 10"' nedcones- 
sme, conessme and uoconessme respectively If 
conessme = 100, Ihen woconcssinc = 73 and 
/leoconessme = 60 


came and nupercaine, he found that they likewise 
depressed the action of acetylchohne on the frog 
rectus and moreover that their relative potency ih 
doing so was similar to their relative potency as 
local anaesthetics This was also true for conessme 
and Its isomers as shown m Table I, m which the - 
two sets of figures are plabed side by side , 

Denervated gastrocnemius of cat — Similar ex- 
periments were also carried out on the denervated 
gastrocnemius muscle of the cat The left sciabc 
nerves of a senes of cats were divided under ether 
with aseptic precautions (these operations were 
kindly performed by Prof Bum) and the ammals 
were left for 5-26 days The cats were then_ 
anaesthetized with ether and chloralose and the 
gastrocnemius muscle was detached from the os 
calcis and fastened to a tension lever Injections 
were made through a cannula in the right iliac 
artery pomtmg towards the bifurcation of the 
aorta Contractions were then obtained by the in- 
jection of acetylcholine, and the effect of a pre- 
ceding injection of conessme on these contractions 
Was deterrmned An illustration of two experi- 
ments IS given m Fig 3 The usual result was that 
injections from 1-10 mg depressed the response 
In the upper part of Fig 3 this depression is shown 
produced by 10 mg iroconessine and by 10 mg 
conessme In the lower part of Fig 3 a less usual 
effect IS shown, namely, that 1 mg of these same 
alkaloids produced an augmentation of the acetyl- 
choline response 
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Fig 3 — Cat. Chloralose Record of contraction of 
denervated gastrocnemius m response to intra- 
artenal injections of acetylcholine 

Upper tracing Muscle denervated 27 days before 
Contractions at Ai due to 10 (ig ACh Intra- 
artenal injection of 10 mg uoconessine produced a 
small contraction, and the following contraction m 
response to ACh was greatly reduced Contraction 
at At produced by 20 [xg ACh 10 mg conessine 
abolished the effect of the next injection of ACh 
Lower tracing Muscle denervated 26 days before 
Contractions produced by 10 pg ACh The intra- 
artenal injection of 1 mg woconessine at I, and of 
1 mg conessine at C, slightly increased the effect of 
the next injections of ACh 


Rat diaphragm prepbration — Since the work of 
Harvey (1939) it has been known that quinine has 
various actions on skeletal muscle among which are 
(1) the ability to increase the tension response to a 
single maximal stimulus, and (2) to act like curare 
in lowering the excitability at the motor end plate 
Experiments were therefore earned out to see if 
these effects could be demonstrated when conessine 
and Its isomers were used It was found that the 
curare-like action was regularly demonstrable, but 
only once was the augmentor action seen The 
isolated nervc-musclc preparation of the rat as 
described by BUlbnng (1946) was used The effect 
IS shown in Fig 4 in which the phrenic nerve was 
stimulated bv maximal single shocks , in the upper 
part of the figure the addition of 0 5 mg isocon- 
cssine to the bath caused an increase in the 
response very similar to that seen in the lower part 
of the figure when 2 mg quinidine was added The 
usual response to the addition of isoconessinc was 




Fig 4 — Rat diaphragm phrenic nerve preparation 
< Tyrode 37° C , bath 50 ml Record of the contrac- 
tions produced by stimulating the nerve with single 
maximal shocks 8-10 tunes per min At (a) is shown 
the increase in amplitude produced by 0 5 mg 
jsoconessine This is an unusual effect At (b) is 
shown the action of 2 mg quinidine 



Fig 5 — Rat diaphragm phrenic ncr\c preparation 
Record of maximal contractions Depression of 
contraction produced b\ 1 mg /lenconessmc at N 
1 mg iioconcssinc at 1 and 1 mg conessine at C 
All three substances were in the bath for 10 m n 
before washing out The effects wxrc rc\ersible 
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that shown m Fig 5 in which the muscle twitches 
were steadily reduced as they are when d-tubo- 
curarine is added , the same result was obtained 
with concssme and neoconessme The doses used 
were 5—10 times as great as the dose of <f-tubo- 
curarme which would have been required to pro- 
duce a similar effect 

Qumidine-like action on cardiac tissue — ^The 
alkaloids were tested by Dawes’s method (1946) m 
which the isolated rabbit auricles are suspended m 



Fig 6 — Isolated rabbit auncle dnven electncally 
Ringer-Locke at 29^ C , bath 50 ml (a) Auncle 
follows 304 but does not follow 314 stimuli per mm 
Spontaneous rate 104 beats per mm (b) Spontane- 
ous rate after 5 mm exposure to 4 x 10-‘ irocones- 
sme (c) After 10 mm exposure to isoconessme the 
auncle fails to follow 244 but follows 238 stimuli 


per mm 


a bath at 29° C and dnven electncally The 
maximum rate at which the auncles will follow 
the electncal stimulus is determmed before, and 
then after exposure for_10 mm to a given concen- 
tration of the substance When qumidme is tested 
in this way-it reduces the maximum rate, and this 
reduction persists for some time after the quimdme 
has been washed out However, provided an 
interval is allowed, the preparation returns to its 
former state and further observations can then be 
made When conessine or its isomers were used, 
a similar reduction m the maximum rate was 
observed (see Fig 6), but the effect of a given 
concentration on different occasions was not the 
same, and often an mcrease in concentration pro- 
duced little mcrease ih effect From the best ex- 
penments it appeared that conessine m a concen- 
tration of 2 X IQ"* was approximately equal to 
qumidme 10 ’ Thus the potency of conessme was 
50 per cent of that of qumidme' /soconessine was 
weaker than this 

Rabbit auricles — Acetylchohne causes diminu- 
tion of the spontaneous contractions of the isolated 
rabbit auricles, as shown m Fig 7, m which the 
effect of 50 (ig acetylcholine is shown twice at the 
begirmmg of the record After washmg out, when 
the contractions had recovered their original size, 
2 mg isoconessme was added to the bath, and 
1 mm later 50 jxg acetylchohne was added again 



Fig 


7 —Isolated rabbit auncle beating freely Ri^r-Locke at 29 C bath 50 ml -AUhe 
small arrows f , 50 pg ACh was added to tte bath and was wash-out when the gum 
was stopped at the reversed arrows j 2 mg. w^m^ne ^ added to ^e tath at 
the largS^ow (1 mm before the next do« of ACh) and rem^ed m the b^ 
dunne the oenod shown by the horizontal Ime The mhibitory acUon of AUi 
abohshS ai^ hS not returned 10 mm after washmg-the i^n^e tom ge bag 
The apparent augmentation by ACh m the presence of /saconessme was believed to 
be an artefact. 
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No dimmutioa was seen, either then, or at a 
further addition of acetylcholine after the iso- 
conessme was washed out After further washing 
out, the inhibitory effect of acetylchohne slowly 
returned, though not fully Both conessine and 
iieoconessine had the same effect 

Action on the heart — ^In the rabbit heart per- 
fused by LangendorjOTs method, the alkaloids were 
observed to have a dilator action on the coronary 
vessels which was most marked with neoconessme, 


nil 



Fig 8 — Isolated rabbit heart (Langendorff preparaUon) 
Perfused with Ringcr-Lockc at 37° C Record from 
above downv.'ard Coronary flow ml per min , 
amplitude of heart beats and time marker At N, 
1 and C 200 (rg of ncoconessinc, ijoconessinc and 
conessine respectively were injected into the perfu- 
sion fluid Note large dilator effect of /icoconessinc 
(For method of recording, sec Stephenson, 1948 ) 

and sometimes absent with conessine A compan- 
son of the dilator effect of the three substances is 
showm m Fig 8, where they arc also seen to cause 
a slight increase in amplitude of the beat Bakhsh 
(1936) noted the dilator action of troconcssine on 
the coronary vessels 

Action on blood ^c’:scls ■ — ^To test the effect on 
the \csscls both the rats hindlegs and the rabbit’s 
car ha\e been used, perfused with Ringer s solution 


at room temperature The rat’s hindlegs were per- 
fused through the abdommal aorta and the rabbit 
ear by the method of Gaddum and Kwiatkowski 
(1938) Conessine, when injected into the fluid 
perfusing the rabbit’s ear, caused vasodilatation It 
was curious to find that whereas the constrictor 
effect of an injection of adrenaline in the rabbit’s 
ear was greatly reduced by an injection of iso- 
conessine, the constrictor effect of adrenaline in the 
rat’s hmdlegs was not affected The difference was 
perhaps more apparent than real, since when an 
adrenahne tone was maintained in the rat’s hmd- 
legs, the mjechon of conessine (0 1 mg ) caused 
dilatation (Fig 9a) In the rat’s hindlegs, a single 
injection of acetylchohne during the maintenance 
of an adrenaline tone caused dilatation When 
not only adrenaline but also conessine was present 
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Fig 9 — (a) Record of the flow from a jicrfusion of the 
hindlegs of a ral with Rmger-Lockc at room tem- 
perature The perfusion contained 10 ' adrenaline 
and dilatations were produced by 0 2 jg ACh and 
bv 100 pg conessine The effect of ACh is reduced 
after conessine The record is continuous and the 
injections were made at 10 min intervals (/>) Dila- 
tations were produced bs 0 2 ag ACli In the 
second part the perfusion fluid contained 10 ' 
conessine in addition to adrenaline Note that n 
the presence of conessine, the dilator effect of AOt 
was greatb reduced 
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in the perfusing fluid, the dilator action of acetyl- 
choline was almost abolished (Fig 9b) 

Action on blood pressure and respiration — ^The 
actions of neoconessine and uoconessine were 
found to be indistinguishable from that of con- 
essine on the blood pressure 

It was shown by Burn (1914) that a large dose 
of conessine produces a fall of blood pressure 



km 


Fig 10 — Rabbit, urethane Record of respiration 
"(above) and blood pressure At the arrow 8 mg 
concssme was injected After about 1 mm this 
prbduced a sudden slowmg of the heart rate accom- 
panied by a fall of pressure The pressure slowly 
recovered and the heart block suddenly disappeared 
The respiration was depressed and recovered very 
slowly and incompletely 

which the heart action at first is unchanged The 
fall IS presumably due to the vasodilatation which 
has been described above After some delay the 
heart is affected, the ventricular rate becotrung 
very slow , the heart then appears to be in block 
Whbn smaller doses are used, either or both of 
these effects may be seen In Fig 10 when 8 mg 
conessine was mjected there was no imtial fall, for 
vasodilatation did not occur , after a delay of 


Fmin the heart became very slow and the pres- 
sure feU Gradually the pressure rose agam until 
suddenly the block disappeared and the blood 
pressure was fully restored 

Bakhsh (1936) suggested that the cardiac slow- 
ing was central in ongin, but since conessme 
depressed the action of acetylcholine m so many 
directions it seemed unlikely that this would be 
so The effect of conessme on vagal sbmujation 
was therefore tested In the experiment illustrated 
in Fig 1 1 the mjection of 8 mg conessine 
abolished the fall oF blood pressure produced by 
vagal stimulation, and diminished the depressor 
effect of 20 pg acetylchohne by cutting out the 
slowing of the heart which this dose produced 
When the respiration was recorded by Gaddum’s 
method (1941), 8 mg conessine was observed to 
dimmish both rate and depth (see Fig 10) 

It IS worth while to record the great tolerance of 
rabbits to the intraveno'us infusion of isoconessme 
at a umform rate No less than 106 mg was 
infused into one rabbit, the heart contmuing to 
beat strongly , only when the rate of infusion 
exceeded 2 5 mg per mm was the heart senously 
affected Solmann (1942) states that qumidine 
leaves the blood stream very rapidly, and it may 
be that woconessine does so also 

Spasmolytic action — ^The spasmolytic action of 
four local anaesthetics and of qumidme was com- 
pared with that of atropme by de Elfo (1948) He 
found that qumidme was six times more powerful 
than procame, and procame was equal to cocaine 
Conessme has been stated both to relax and to 
stimulate smooth muscle but no one has hitherto 
shown that it depresses the action of acetylcholine 
Fig 12 is a record of the contractions of an 
isolated piece of rabbit intestine, m which it will 
be seen that in the presence of concentrations of 
conessine from KH to 2x10“, the stimulant action 
of acetylcholme is proportionally reduced Both 
neocoaessine and isoconessme were found to be 
slightly stronger than conessme, and about equal 
to one another When a comparison was made 
between conessme and qumidme on a loop ot 
guinea-pig ileum, it was found that cdnessine was 
shghtly less potent than qumidme 

Antimalarial action — In view of the close 
similanty of conessine and its isomers to quinine 
and quimdine, a comparison was made wt 
qumme in chickens infected with Plasmodtiau 
gallinaceum This test was done under the super- 
vision of Mr L G Goodwin in the Wellcome 
Research Institute Chicks, 6 days old, 
inoculated intravenously with 0 2 ml bloo 
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Fig 1 1 — Rabbit, urethane Record of blood pressure At A 20 fig ACh were injected 
intravenously, at B 1 {zg ACh was injected and at V the penpheral end of the nght 
vagus was stimulated for 15 sec At the arrow, 8 mg conessme was mjectcd and 
this abolished the effect of the vagus on the heart The heart was no longer 
affected by 20 \ig ACh, though the mjection still produced a fall of pressure 
After 5 nun the heart was again sensitive to vagal stimulation but the effect was not 
as great as previously 


diluted to contam 10® parasitized red cells The 
alkaloids were given by mouth, once on the day 
of inoculation, and twice on each of thd three fol- 
io wmg days , 17 hours after the last dose, a blood 
smear was prepared from each bird m which 200 
red cells were examined to determme the percen- 
tage which contamed parasites The results, 
recorded in Table II, mdicate that, m the doses 
used, no antimalanal effect was exerted by con- 
essme or Its isomers 


TABLE n 

ANTIMALARIAL ACTION IN CHICKS INFECrED WITH 
P Gallmaceum 


Substance 

Dose 

mg./kg 

No of 
birds 

Mean percentage of 
cells with parasites 

(Controls) 

' 

7 

1 

42 

Conessme 

40 

4 1 

32 

>> 

20 

1 I 

51 

Aoconessine 

80 

4 

46 


40 1 

8 

37 

1 

20 

8 

42 

A'icoconcssinc 

1 40 

3 

38 

>> 

[ 20 

3 

21 

Quinme 

40 

8 

05 

»» 

20 

8 

11 4 


Toxicity — Conessme and its isomers were com- 
pared with one another bv mtra\enous mjection 
into mice m order to determine the mean lethal 
dose Care was taken to mject at a uniform rate 
For conessme 39 mice were used, for i^oconessme 
30 mice, and for ncoconessine 50 mice The lethal 
dose killing 50 per cent of mice was for conessme 
28 7 mg per kg , for iTOConcssme 33 2 mg. per 


kg , and for neoconessme 13 1 mg per kg Thus 
whereas conessme and isoconessme are very 
similar m toxicity, neoconessine is more than twice 
as toxic It may be emphasized that w'hile the 
actual figure for the toxicity of any one compound 
may vary greatly m different laboratories, the 
relative toxicities of the three compounds should 
remain constant - 

Discussion 

Recent papers from this laboratory (Dawes, 
1946 , Dews and Graham, 1946 , de Elio, 1948 , 
Dutta, 1948) have brought out the similarity 
between various substances not previously con- 
sidered to be related Dawes’s work showed that 
substances w'lth a quinidine-like action on the 
heart included various local anaesthetics, spasmo- 
lytics and analgesics, and that quimdme and pro- 
caine reduced the action of acetylcholine m 
cardiac, skeletal and unstripcd muscle Dc Elio 
added to the evidence by testing four local anaes- 
thetics, as well as atropine, pethidine and qumi- 
dme, on the frog rectus, the rabbit auncles and 
the rabbit intestine In general all seven sub- 
stances reduced the action of acct>lchohnc m these 
tissues and a close parallelism between local 
anaesthetic action and effect on the frog rectus 
was found to exisL Dutta tested pethidine quini- 
dine, atropine and bcnadrj'l to see whether the> 
possessed the propertj, which procaine has long 
been known to possess, of lowering bod\ tempera- 
ture He found that all these substances resembled 
procaine in this respect 

WTicn conessme and its isomers were to be ex- 
amined, their known local anaesthetic acti\it> sug- 
gested that thev also should be examined from 
the point of view described, and that since quini- 
dinc was also a plant allaloid with local anaes- 
thetic properties, the relation of their action to 


244 


R P STEPHENSON 





Fig 12— Isolated rabbit intestine, Ringer- 
Locke 36° C The contractions at the 
small arrows were produced by the 
addition of 8 (xg ACh to the hath 
Contractions produced m the presence 
or OJ mg, 0 2 mg. and 0 1 mg of 
conessme (added at the white spot) were 
reduced in proportion to ^e amount 
of conessme The fluid m the bath was 
changed at the end of the honzontal 
hnes 


that of qumidine should be considered with special 
care The outcome has been to demonstrate that 
in many respects conessme and its isomers are 
very similar to qiunme and quimdme So close 
indeed did the resemblance seem at one point that 
tests' for anti-malanal activity were carried out 
However, m doses m which quinme was active, 
conessme and its isomers were macUve They 
have not yet been tested in higher doses 

Conessme resembles quimdme m dimmishmg the 
action of acetylcholine on the isolated intestine, 
the rabbit auncle, the frog rectus and on dener- 
vated mammahan muscle The contractions of 
the rat diaphragm produced by nerve stimulation 
are occasionally augmented by uoconessme as 
they usually are by quimdme , the usual effect 
of conessme is depression and this is sometimes 
seen with quimdme Conessme, like quimdme, 
lengthens the refractory penod of cardiac tissue, 
and the effect of vagal stimulation on the heart 
m the anaesthetized rabbit is temporarily 
abolished by conessme as by quimdme (Starr, 
1936) and by quinine m the dog (Babkin and 
Ritchie, 1945) 

Of considerable mterest is the parallehsm 
between local anaesthebc action and mhibition of 
the action of acetylcholme on the frog rectus 
This was first observed by de Elfo, and the obser- 
vations on conessme and its isomers make the 
■ parallehsm still more complete This is a further 
addition to the evidence that the action of acetyl- 
choline IS concerned with the sensation of pam 
Harvey, Lihenthal and Talbot (1941) found that 
when acetylcholme was mjected mtm-artenally m 
men it caused very severe pain Gray (1947) has 
detached a portion of the skin of an anaesthe- — 


tized cat so as to leave only the artery, vem and 
nerve in connexion with the body " When he m- 
jected acetylcholme mto the artery, he found that 
an action potential was set up m the nerve, and 
that this action potential was similar to that pro- 
duced by mechanical pressure on the detached por- 
tion of skm Thus a local anaesthebc may be a 
substance which reduces the action of acetylcholme 
at sensory nerve endmgs, and this' would explain 
why local anaesthebc potency is related to the 
reduction of the action of acetylchohne on the 
frog rectus 

Hitherto conessme has been thought to be an 
alkaloid with its own peculiarities unlike those of 
any other plant alkaloid It is now evident that 
this IS not so, and that the acbon of conessme. 
Which comes &om the bark of Holarrhena, is very 
similar to that of the alkaloids qumidine and 
qumme which come from the bark of Cmchona 
The acbons of conessme also resemble those of 
papaverme, cocame and atropine, three other 
plant alkaloids, all of which are local anaesthe- 
tics, spasmolytics and have a qmmdme-Iike action 
on the heart It is an obvious task to look nt 
still more plant alkaloids m order to see how 
many others can be brought mto this class, and 
to examine them for pomts of chemical and 
physical similanty 

StIMMARY 

1 Conessme and its isomers, ijoconessine and 
neemonessme, have been shown to possess prope^ 
ties very similar to those possessed by quinine and 
qumidine Conessme, however, haa no anbma- 
lanal action m chickens when tested in the same 
dose as qumme 
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2 The local anaesthetic potency of conessme 
and Its isomers is great , when tested by mtra- 
cutaneous mjection mto gumea-pigs, conessme is 
about twice as active as cocame, woconessme is 
50 'per cent stronger than -cocame, and /leocon- 
essme is about equal to cocame The relative 
local anaesthetic potencies of conessme, its 
isomers, cocame, qumidme and procame are very 
similar to their relative activities m depressmg the 
action of acetylcholme on the frog rectus muscfe 

3 Conessme and its isomers have a qumidme- 
hke action on the heart, and depress the action 
of acetylcholme on skeletal, cardiac and smooth 
muscle mcluding that of the blood vessels, actmg 
on all tissues very much hke qumidme 

This work has been done while m receipt of a grant 
from the Therapeutic Research Corporation, to whom 
I wish to express my thanks I am also mdebted to 
Dr S Siddiqm for a supply of conessme, i^oconessine, 
and neoconessme The work has been earned out 
under the direction of Prof J H. Bum, and this paper 
has been wntten with his help 
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THE ACTION OF SUBSTANCES WHICH ANTAGONIZE 
ACETYLCHOLINE ON THE BODY TEMPERATURE 
OF MICE, BEFORE AND AFTER 
ADRENALECTOMY 

- 1Y 

N K DUTTA 

From the Department of Pharmacology, Oxford 
(Revived December 5 1947) 


In 1931 Glaubach and Pick desenbed the fall 
of temperature produced m guinea-pigs by the in- 
jection of procame Recently Peczenik (1947) has 
extended this observation to castrated micf7 and 
has shown in addition that the fall is greater after 
adrenalectomy By admimstration of desoxy- 
corticoSterone acetate, progesterone, and other 
steroids before adrenalectomy, the mice were 
protected to a varying extent, so that the fall of 
temperature due to procaine was smaller 

No hght has hitherto been shed on the reason 
for this action of procame Peczenik says that the 
fall is probably the result of a shock to the autono- 
mic nervous system Recently, however, attention 
has been drawn to other properties possessed by 
procaine m addition to its local anaesthetic action 
Dawes’s work (1946) on qumidine substitutes led 
him to pomt out that quirune, qumidine, and pro- 
came reduce the action of acetylcholme on the 
mtestme, on the heart, and, as was shovra by 
Harvey (1939a and b), on skeletal muscle Dawes 
showed that procame, atropme, and pethidme act 
like quimdme on the electrically dnven auncle, and 
having pomted out the local anaesthetic action of 
atropme, which has long been known, he demon- 
strated that pethidme possesses a local anaesthetic 
action too Thus atropme, pethidme, procame, and 
qumidme are four substances havmg several pro- 
perties m common, and de Elio (1948) has deter- 
mined their relative potency m reduemg the action 
of acetylcholme oh the frog rectus, the rabbit m- 
testme, and on the isolated rabbit auncle The 
question then arose whether atropme, pethidme, 
and qumidme would also share with procame the 
abihty to cause a fall of body temperature m mice 
The experiments here described supply the answer 
The antihistamme substance benadryl was also 
included m the mvesbgation because of the obser- 


vations of Dews and Graham (1946) , they tested 
the antihistamine substance neoantergan, which is 
known to have some atropme-like action, and 
found it to possess a qmmdme-hke action on the 
auricle, and a local anaesthetic action " I have 
found that neoantergan also depresses the action 
of acetylcholme on the frog rectus and the rabbit 
auncle, though the doses required are rather large 
Benadryl also has been shown to have a local 
anaesthetic action (Leavitt and Code, 1947) and to 
reduce the action of acetylcholme on the mtestme 
(Loew, MacMillan, and Kaiser, 1946) 


Since Peczenik has desenbed the conditions for 
observing the fall of temperature produced by pro- 
came in mice, his procedure was followed m several 
respects Male mice weighmg not less than 26 g 
were used, and aU were castrated Peczenik states 
that non-castrated mice ‘ did not behave uniformly ” 
They had access to food and water except dunng the 
observation of body temperature They were fed on 
a diet of constant composition consisting of ground 
gram , its percentage composition was wheat 19, 
bran 19, oats 14, maize 9, barley 9, fish-meal 5, bone- 
meal 9, skimmed milk 14, yeast 1 , salt 0 5, and cod- 
hver oil 0 5 per cent The mice were kept at about 
25“ C and experiments were earned out at 25°±1° C 
m a small room with a thermostat 

The rectal temperature of each mouse was recorded 
by inserting a thermocouple mto the rectum for 
2 5 cm , this thermocouple was connected to a 
moving coil galvanometer, and the other thermo- 
couple was placed m melted sodium sulphate crystals 
in a thermos flask The thermocouple in the rectum 
of the mouse was kept m posiUon by adhesive tape 
fixed to the tail, and the tall was fixed along its length 
to a copper wire which contmued forwards over the 
back of the mouse as far as the forelegs, where it 
turned around the body of the mouse in a nng behind 
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them , the mouse was thus held comfortably through- 
out the period of observation and passed faeces as 
usual 

The temperatures of 8 mice were followed in each 
experiment during the same penod of time , 4 mice 
were used as controls and were injected with salme, 
while 4 were injected with the substance being tested 
The injections of atropine, pethidine, and procaine 
were subcutaneous, while those of benadryl and 
quinidine were intraperitoneal Before each experi- 
ment all mice were kept in the room until their 
temperatures remained steady , this usually required 
30-45 mm 

Results 

Pethidine (demerol) — ^In order to illustrate the 
performance of the tests, the results with one dose 
of pethidine will be given m detail so that the re- 
mainmg results can be given m summanzed form 



Fio d — ^Abscissae time m mm , ordinates body 
temperature m °C White circles, mean body 
temperature of 4 control tmce mjected at arrow with 
salme Black circles, mean body temperature of 
4 mice injected at arrow with pethidme hydro- 
chlonde, 30 mg /kg 

Observations were made on three groups of 8 
^castrated mice, half of which received 30 mg /kg 
pethidme hydrochlonde, and half received the 
same volume of saline The results in one of these 
groups are given in Fig 1 The body temperature 
of the control mice fell during the 3 hours after 
the injection from a mean value of 36 6° C to a 
mean value of 35 6° C The temperature of the 
mice mjected with pethidine reached a mmimum 
of 32 7° C one hour after mjection and slowly 
recovered to 35 2° dunng the next 1^ hours The 
results in the other two groups were similar to 
those shown in Fig 1 , they are given in Table I 
It will be noted that the fall of temperature in the 
control mice was greater in both groups than that 
m Fig 1 In Group 2 the mean temperature fell 
from 355 to 338°, while m Group 3 it fell from 
34 6 to 32 9° in the course of the experiment In 


TABLE I 

TEMPHRATURJES OF MICE RECEIVING 30 MG /KG PETHI- 
DINE HYDROCHLORIDE 


Time 

mm 


Group 2 



Group 3 


Control 

Injected 

Differ- i 
ence 

Control 

Injected ^ 

Differ- 

ence 

0 

36 6 

36 6 

0 

34 6 

36 8 

-1 2 

16 

36 9 

36 1 

0 8 

34 6 

36 0 

-0 4 

30 

36 1 

33 7 

1 4 

34 3 

33 8 

0 6 

46 

34 7 

32 6 

2 1 

34 2 

33 2 

1 0 

00 

34 6 

32 3 

2 3 

34 3 

32 9 

1 4 

76 

34 6 

32 C 

1 9 

34 1 

32 8 

1 3 

90 

34 4 

33 1 

1 3 

33 7 

32 8 

0 9 

106 

34 4 

33 1 

1 3 

33 7 

33 0 

0 7 

120 

34 2 

33 6 

0 7 

33 3 

32 6 

0 8 

136 

34 2 

33 0 

0 6 

33 0 

32 6 

0 6 

150 

34 2 

34 6 

-0 3 

33 1 

32 6 

0 6 

165 

1 

33 8 

34 1 

-0 3 

32 9 

[ 32 0 

0 3 


Table I the differences between the control mice 
and those injected with pethidme are also shown 
The mean differences for the three groups were cal- 
culated and the resulting figures are plotted as 
ordinates against time as abscissa m Fig 2 In this 
and succeeding Figures, the mean difference of 
temperature between the two groups of mice before 



temperature of mice injected with 30 mg [kg 
pethidine hydrochlonde and of control mice, talung 
difference before injection as zero and correctmg 
throughout for this difference White circles show 
observations on 12 injected and 12 control mice 
before adrenalectomy Black circles show observa- 
tions on 9 mjected and 8 control mice after 
adrenalectomy 

injection is shown as 0° , this was often not actu- 
ally so (see Fig 1), but the difference of tempera- 
ture between the two groups throughout the period 
of observation was corrected by the difference 
which existed before mjection 
The mice used m obtammg these results were 
kept for one week after the observations were 
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made , adrenalectomy was then earned out under 
ether Two days after the operation the effect of 
the' same dose of pethidme was redetemuned Of 
the 24 mice tested before the operation, 7 died 
dunng the next two days, so that only 17 were 
available , of these 8 were mjected with salme and 
9 were mjected with pethidme"' The differences of 
temperature between the mice receivmg pethidine 
and the control mice are recorded m the Jower 
curve of Fig 2 Fig 2 shows that after adrenal- 
ectomy the fall of temperature caused by pethi- 
dine was much greater than before 

Observations were also made with a higher dose 
of pethidme, namely 100 mg /kg In the mice 
before adrenalectomy this dose produced a nSe of 
body temperature, the mean maximum nse m 12 



min. 


Fio 3 — Similar to Fig 2 Dose of pethidme 100 mg./kg 
Note the nse of temperature before adrenalectomy 
when 12 mice were compared with 12 controls 
' Black circles show results after adrenalectomy, 
(10 mice nuected and 9 controls) 

animals bemg to a pomt 15° above the mean 
temperature of the "12 control mice The rise, 
however, subsided after 1 5 hours and was followed 
by a fall The change is shown m Fig 3 This 
high dose of pethidme not only produced a nse of 
temperature but also caused increased muscular 
movements m aU the mice 
-The rise disappeared after adrenalectomy 10 
mice were •Ejected with pethidme and 9 were 
injected with salme The pethidme caused a large 
fall of temperature relative to the temperature of 
the control mice , this is shown m the lower curve 
of Fig 3 

Atropine — Similar experiments were then made 
with atropme, usmg first of all 150 mg /kg of 


atropme sulphate This dose was too high , m two 
of the three groups used, the dose was fatal to the 
mice after adrenalectomy In one of the groups, 
however, the tests were earned out successfully, 
and, though the maximum faU of temperature 
before adrenalectomy was only 13° more than m 
the controls, after adrenalectomy the maximum 
fall was 3 2° more than m the controls A further 



30 60 SO 120 150 180 210 

min. 


Fig 4 — Similar to Fig 2 Mice uyected with atropme 
sulphate 30 mg /kg White circles, 12 uyected and 
12 control mice before adrenalectomy Black 
circles, 10 uyected and 10 control mice after 
adrenalectomy 

test was then made usmg 30 mg /kg atropme sul- 
phate, and the results which were obtained in 24 
mice before adrenalectomy and m 20 of these after 
adrenalectdmy are given m Fig 4 ~ Before the 
operation the fall of temperature was shght, the 
maximum bemg 0 5° more than the controls This 
is an effect too small to be discovered except by 
careful mvestigation After adrenalectomy it was 
increased to about 15°, and this was maintained 



min. 


Fig 5 — Similar to Fig 2 Mice mjected with bena^l 
20 mg /kg White circles, 8 uyected and 8 con^ 
mice before adrenalectomy Black circles, 7 uyecteu 
and 7 control mice after adrenal^omy 

Benadryl — Results with the hydrochloride of 
iS-dimethylammoethylbenzhydrylether, which 'is 
called benadryl, are shown m Fig 5 , they were 
obtamed with a dose of 20 mg /kg Before adren- 
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alectomy 16 mice were used, and after adrenalec- 
tomy 14 of the same mice were used The results 
were similar to those obtamed with the lower dose 
of pethidme, though the fall of temperature was 
less 

, Procaine — ^Peczemk mjected his nuce with pro- 
came hydrochloride in a dose of 100 mg /kg 
When t^s amount was used, the fall of tempera- 
ture was very small, and was not much greater 
after adrenalectomy The maximum fall in 8 imce 
compared with 8 controls was 0 5“ before and 



circles, 8 injected and 6 control mice after adrenalec- 
tomy 

15° after the operation. Further observations 
were then made with 200 rag /kg , and the results 
m 8 mice, compared with 8 controls, are shown 
m Fig 6 The difference m sensitiveness between 
mice m this laboratory and those m Peczemk’s 
laboratory is not surprising, for similar differences 
are often seen 


QUINIDINE 



and 11 control mice before adrenalectomy Black 
circles, 9 uyected and 7 control mice after adrenalec- 
tomy* 


Quinidine — ^The final observations were made 
when qumidme hydrochlonde was given m a dose 
of 30 mg /kg As after atropme, there was a very 
small fall of temperature before adrenalectomy, not 
exceeding 0 5“ After the operation there was, 
however, a fall of 3°, which was mamtamed 
throughout the period of observation The results 
are shown m Fig 7 

Discussion 

So far as the action of procame is concerned, 
the results descnbed confirm the findmg of 
Peczemk that procame causes a faU of body tem- 
perature m mice and that this faU is greater after 
adrenalectomy However, the “ coUapse ” of tem- 
perature which Peczemk observed after adrenalec- 
tomy was not seen , the temperature feU, but so 
did that of many control mice, and the effect of 
procame was not great Peczemk found the mean 
faU m 20 mice after adrenalectomy to be 4 9“ 
when procame was given m the dose 100 mg /kg , 
he does not record the temperature changes m 
control mice kept alongside In the work here 
descnbed, the maximum difference between in- 
jected mice and control mice was found to be only 
15“ after 100 mg /kg , and only 3 5“^ after twice 
this amount The difficulty which a mouse has m 
mamtammg a constant temperature has been dis- 
cussed by Fuhrman (1946) , on account of its large 
surface per unit weight, the body temperature faUs 
more easily than m larger animals, and control 
observations are therefore essential 

The mam result of this research is to demonstrate 
that the property which procame possesses of 
reducmg temperature is shared by a number of 
other substances — atropme, qumidme, pethidme, 
and benadryl The experiments were undertaken 
m order to see if this would be so, and the hypo- 
thesis concemmg their action has thus' gamed 
additional support It was pomted out that aU 
these drugs reduce or abohsh the action of acetyl- 
chohne on the frog rectus, on the spontaneous 
contractions of the rabbit auricle, and on the rabbit 
mtestme Further, atropme, procaine, and pethi- 
dme act like quimdme on the refractory penod 
of the electncally driven auncles of the rabbit 
(Dawes, 1946) I myself have observed that 
benadryl reduces the effect of acetylchohne on the 
frog rectus and the rabbit auncle, and I have found 
that It lengthens the refractory period Smce de 
Elfo (1947) has shown that acetylchohne shortens 
the refractory penod, the qumidme-hke action of 
this group, if not one which can be descnbed as 
a depression of the action of acetycholme, is at 
least an action m the opposite direction to that of 
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acetylcholine Thus there is some ground for the 
view that the common property of reducmg body 
temperature may be connected with the power to 
reduce or antagonize the action of acetylcholme 
It IS at least clear that the common property is 
not due to the possession of a local anaesthetic 
action, though all of these substances have one 
Thus It was found by Glaubach and Pick (1931) 
that while cocame caused a varymg change of 
body temperature — ^namely, a nse m rabbits and a 
fall m gumea-pigs — nupercaine, one of the most 
potent local anaesthetics, had almost no effect 
on the temperature of either species This is of 
, mterest because de Elio found that nupercaine did 
f not reduce the action of acetylcholme on the rabbit 
auricles when spontaneously contractmg, no matter 
m what dose nupercaine was apphed Thus nuper- 
came provides an example of a local anaesthetic 
which differs from procaine m reducmg neither 
I body' temperature nor the action of acetylchohne 
in the cardiac tissue of the rabbit 
The conclusion that substances which reduce 
body temperature are also substances which reduce 
the action of acetylchohne must not be taken to 
imply that acetylcholine plays a role m the central 
nervous system to maintam body temperature 
Feitelberg, Pick, and von Warsberg (1939) tested 
the action of acetylcholme on the temperature of 
the grey matter of the cortex of cats and found 
that sometimes it caused a fall and sometimes a 
rise The fall which procame, pethidme, etc , cause 
may be due to their inhibition of the action of 
acetylcholme m the skeletal muscles, on the activity 
of which the normal fbrmation of heat depends 
This suggestion is borne out by the fact that the 
large dose of pethidme which caused an imtial 
rise of temperature also caused mcreased motor 
activity The lower dose of pethidme, and also 
the doses of the other substances used, were too 
small to cause any visible effect m the mice 
The effect of adrenalectomy m augmentmg the 
fall of temperature produced by these substances 
^ shows clearly that the adrenal glands are con- 
cerned m temperature control Whether it is the 
cortex or the medulla which is the more important 
IS not known for certam, though the power of 
cortical extracts to prevent the fall of temperature 
m adrenalectomized rats when exposed to low tem- 
perature indicates the greater importance of the 
cortex Moreover, Peczemk claims to have shown 


that the administration of desoxycorhcosterone 
acetate dimmished the effect of removing the 
glands on the procame fall of temperature 
A word IS required m conclusion on the use of 
castrated mice Observations on 16 normal male 
nruce, 8 of which were injected with 30 mg /kg " 
pethidme and 8 of which were controls, gave a 
result almost the same as that obtained with 
castrated mice 


Summary 

1 The finding that procame causes a fall of 
body temperature m mice, and that this fall is 
greater after adrenalectomy, has been confirmed 

2 It has been shown that this property of 
procame is shared by the analgesic pethidme 
(demerol), by qumidme, by atropine, and by the 
antihistamme substance benadryl 

3 The fall of temperature produced by each of 
these substances is augmented by adrenalectomy 

4 All these substances reduce or abolish the 
action of acetylchohne on the frog rectus, the 
rabbit auricle, and the rabbit mtestme It is sug- 
gested that the fall of temperature may be due to 
lessened activity and lessened heat production m 
the skeletal muscles of the mice 

5 A large dose of pethidme causes a rise of 
temperature accompamed by mcreased motor 
activity 

I am deeply indebted to Prof J H Bum for 
suggesting this problem and for the guidance and 
encouragement he has given in all the stages of this 
work 

This work was earned out dunng the tenure of a 
grant from the Health Department, Government of 
India 
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THE INFXUENCE OF POTASSIUM AND CALCIUM IONS 
ON THE ACTION OF PROCAINE ' 

BY 

H J BEIN 

From Ihe Department of Pharmacology, Oxford 
(Received February 24 1948) 


It has long been estabhshed that the optimum 
functioning of cells is dependent on optimum 
amounts of different electrolytes in the fluid sur- 
roundmg them. In particular it is known that 
function is still mamtained if an excess of one 
electrolyte is compensated by a correspondmg m- 
crease of another, the best-known pair being the 
potassium and calcium ions, chiefly studied m the 
heart by Ringer 

It is important, however, to realize that phar- 
macological mvestigations which consider the 
action of drugs m relation to this vanable content 
of electrolytes are very different from observations 
of body functions only Electrolytes may prevent 
or assist the action of a drug on a tissue, and it is 
not only the affinity of an electrolyte to a cell 
which is important, but also its aflBmty to the drug 
In the complicated system composed of the cell, a 
variable content of electrolytes and the drug, with 
all their mutual relations, the response of the tissue 
will not necessarily follow the same laws as it 
would m the absence of the drug 

Two recent papers show that the absolute con- 
centration of potassiumus of great importance for 
some drug actions, mope so than its relative con- 
centration to calcium, i e , the K/Ca ratio Baker 
(1947) tested the mterrelation between Ca, K and 
ouabam on the isolated heart and m the whole 
animal, Goffart and Brown (1947) mvestigated the 
correlation of K and adrenahne on the isolated 
striated muscle In order to see whether the effects 
desenbed are pecuhar to these two drugs or have 
a more general significance I have tested the effect 
of changing the K and Ca concentrations on 
another drug action, namely that of procame on 
the refractory penod of the isolated rabbit 
auncles 

Method 

The method of measurmg the activity of pharmaco- 
logical agents on the refractor}' penod has been 
desenbed in detail by Dawes (1946a) The auncles. 


carefully dissected from the heart of a rabbit, are 
suspended in a bath containmg 100 c c of oxygenated 
Rmger-Locke at 29° C The composition of the 
Rmger-Locke is as follows NaCl 9 0 g , KCl 0 42 g , 
CaClj 0 24 g , NaHCOj 0 5 g , dextrose 2 0 g , dis- 
tilled water 1,000 c c 

The contracUons of the auncles are recorded on a 
smoked drum The auncles contract rhythmically by 
themselves and they can also be dnven by break- 
shocks from an mduction coil at any desired speed 
The maximal rate is observed at which the auncles 
will follow electrical stimulation The reduction or 
the increase m maximum rate caused by a drug is 
calculated and expressed as a percentage of the maxi- 
mum rate before the drug was applied'' This per- 
centage IS, withm wide limits, mdependent of the 
initial maximum rate, as Dawes observed 

Results 

Procame 

Procaine reduces the maximum rate, i e , it pro- 
longs the refractory period of the isolated rabbit 
auncles (for references see Dawes; 1946a and b) 

The activity of procaine was tested on 9 prepara- 
tions The effect was measured after the procaine 
had been allowed to act for a fixed time The 
average results of all observations are shown in 
Table I 

TABLE I 


Concentration of 
procame acting 
for 10 minutes 

3 X 10-* 

10-^ 

2 y 10-® 

Percentage reduc- 




tion of the maxi- 




mal rate 

1 13 8 ± 04 

23 9 L 0 98 

34 4 ± 0 88 


The effects of procaine were clear, easy to esti- 
mate, and the muscle recovered m 25-30 minutes 
This relatively rapid recovery was one of the 
reasons why procaine was chosen rather than any 
of the other substances with “ qumidine-hke pro- 
perties ” tested by Dawes (1946a and b) 
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The sphntaneous rhythm was shghtly increased 
or remained unaltered, by a low concentration of 
prorame (3 x ICf*), while it was decreased by a 
higher concentration (2 x 10^ , this effect was 
more pronounced if the ongmal pulse-rate was 
high 

Potassium and calcium ions 
Potassium is reported to be without effect on 
the refractory period of the frog ventncle (Kanda, 
1939), although many authors have found that it 
lengthens the refractory phase (Boehm, 1914 
Cicardo and Marenzi, 1938 , Lueken and Schuetz’, 
1939) Calcium has been found to be without any 
clear effect (Cicardo and Marenzi, 1938) 

In my experiments an mcrease m potassium 
lengthened the refractory period , for example, the 
maximum rate was reduced by 23 per cent and 
the spontaneous rate by 25 per cent, if the potas- 
sium concentration of the Locke solution was 
raised by 50 per cent. 

If the auricle was left beatmg m potassium-free 
Ringer solution for about 2 hours this had no 
effect on the refractory period, there was, how- 
ever, an effect on the pacemaker, smce the spon- 
taneous rhythm mcreased by 40 per cent 
When the amount of CaCU was doubled or 
tripled, the maximal rate mcreased by no more 

A B 


than 3 7 per cent, and even very high concentra- 
tions (8 tunes normal) either did not affect the 
refractoixpenod or lengthened it by about 5 per 
cent only, at a time when the spontaneous rate 
was mcreased by 47 per cent 

Reduction of the calcium concentration by 50 
per cent prolonged the refractory penod , the 
maxunum rate at which the auncle responded to 
elecfncal stimuh-was reduced by 15 per cent This 
decrease resembled the effect on the refractory 
period produced by mcreasmg the potassium con- 
tent but while the pacemaker was depressed by 
excess K, it was not affected by lowering the cal- 
cium concentration to 50 per cent 

Effect of K and Ca on the action of procaine 

When the influence of changes m K or Ca con- 
tent on the action of jirocame was tested, the 
change of electrolyte concentration was first 
allowed to establish its own mtnnsic effect for a 
period of 1 to 3 hours before the procaine was 
added, this was done in order to ensure that the 
rMult observed was not due to summation of the 
effects of the electrolyte and of procaine Increas- 
ing the amount of potassium (Fig lA) or decreas- 
mg the amount of calcium (Fig IB) both poten- 
tiated the action of procaine About the same 
proportional change was obtamcd by raising the 
K by 50 per cent or by lowermg the 
Ca by 50 per cent 



A reduction of the potassium or an 
mcrease of the calcium content pro- 
duced the same effect quahtatively but 
not quantitatively , m these conditions 
the action of procame was depressed 
However, in order to obtam the same 
degree of depression as that produced 
by reducmg the K concentration by 
50 per cent, it was necessary to in- 
crease the Ca concentration by 600 per 


cent (see Fig 1C and D) , for ex- 



ample, the effect of 2 x 10*^ procame 
m Locke solution containing half the 
normal amount of K was depressed 
by 66 per cent, but a depression of 
64 per cent was only produced by 
raismg the Ca concentration to 7 times 
the normal amount In another ex- 
periment even 8 times more Ca was 
required 

Discussion 


Fig 1 — ^Effect of procame on isolated rabbit auncles with 
different K and Ca concentrations Ordmates percentage 
reduction m the maximal rate at which the aundes follow 
clcctncal stnnuIaUon Abscissae concentration of procaine 


The experiments described show 
that the influence of potassium 
and calcium on the refractory period _ 
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of tlie isolated rabbit auncles is antagonistic 
Although an excess of calcium or a reduction of 
potassium is without mtnnsic effect over a penod 
of 2-3 hours, this change of electrolytes neverthe- 
less influences "the action of procaine, demonstra- 
tmg that an optimal amount of aU electrolytes is 
necessary for the usual response of the cell to 
drugs, even though an mtnnsic effect of vanation 
in the contents of electrolytes itself is not imme- 
diately visible The quantitative aspect, however, 
shows the importance of the absolute concentra- 
tion of potassium for drug action. Baker (1947) 
has shown it for the action of ouabam, and m this 
paper it has been demonstrated for procaine 
Under the experimental conditions of this mvesti- 
gation the alteration of procaine activity by a 
reduction of potassium cannot be reproduced by a 
correspondingly mcreased amount of calcium, on 
the other hand the effect of an mcreased amount 
of potassium can be mutated by a. corresponding 
loss of calcium, which shows that at least the 
normal amount of Ca should be present. 

Summary 

(1) The action of procaine on the refractory 
penod of the isolated rabbit auricle was deter- 


mmed m the presence of variable amounts of 
potassium and calcium 

(2) Quahtatively, an excess of potassmm and 
a reduction of calcium potentiate the activity of 
procame, a reduction of potassium and an excess 
of calcium dimmish the effect of procame on the 
refractory period 

(3) Quantitatively, the determmmg factor is 
not the ratio K/Ca but the absolute amount of 
potassium present, although a certain amount of 
Ca is necessary 

I should like to express my sincere thanks to Prof 
J H Bum for his hospitality and the help given while 
carrying out this work 
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Within the last decade a new senes of chemical 
compounds, the 2-substituted imidazolines, have 
claimed wide attention because of their vascular 
actions Several of them, phedracin, pnscol, 
pnvine and otrivm, have been used clinically m 
peripheral vascular disorders 
Hartmann and Isler (1939) made a preliminary 
pharmacological mvestigation of a large number 
of these imidazolmes They found that small 
changes m the imidazoline molecule sometimes 
caused great quantitative or even qualitative 
changes m the effect upon the blood pressure 
Similar abrupt transitions have been described 
among sympathomimetic ammes (Beyer, 1946) 
Since the substitution of an N-methyl group in the 
noradrenalme molecule causes significant differ 
ences in its properties (Barger, and Dale, 1910) it 
was decided to investigate what changes the in- 
troduction of an N-methyl group would effect in 
pnscol The structural formulae of these com- 


2-benzyliraidazoline 

(pnscol) 


2-benzyl-l -methyl-imidazoIine 
(N-methylpriscol) 


2-Benzyl-I-methyl-imidazoline was one of the 
compounds investigated by Hartmann and Isler 
They stated that it had approximately the same 
toxicity and effect on the rabbits intestine as 


pounds are as follows 



pnscol, but caused a rise of blood pressure, 
whereas pnscol caused a fall 

The general pharmacology of pnscol and its 
N-methyl denvative is here desenbed as part of 
an attempt to elucidate the mechanism of action 
of the imidazolmes 

Experimental Results 

Cardiovascular action of pnscol — The action 
of pnscol on the blood pressure varies in different 
species Meier and MUller (1939) observed a fall 
of blood pressure in rabbits , Hermann, ^Jourdan 
and Bonnet (1941) found that in dogs pnscol 
usually caused a fall but occasionally a rise of 
blood pressure In cats Chess and Yonkman 
(1945) observed either no effect or a fall with 
larger doses 

Since pnscol is structurally related to histamine 
It seemed possible that the fall of blood pressure 
might be antagomzed by neoantergan How- 
ever, Tn a cat under ether anaesthesia, a dose of 
neoantergan which virtually abolishes the depres- 
sor effect of histamine did not prevent the fall of 
blood pressure caused by a large dose of pnscol 
All the workers quoted above observed that 
pnscol reduced or reversed the pressor action of 
adrenaline An example of this in the spinal cat 
IS shown in Fig 1 After the injection of 10 mg 
pnscol, which was itself without , action on the 
blood pressure or spleen volume, 10 pg adrena- 
line caused a small fall of blood pressure accom- 
pamed by dilatation of the spleen , the pressor 
effect and the contraction of the spleen caused by 
5 pg adrenaline befor£ the injection of pnscol 
were absent When a larger dose of adrenaline 
was injected, however, the original effect was seen 
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Fig I — Upper record, spleen volume , lower record 
blood pressure of spmal cat At A, 5 pg adrenaline 
caused contraction of spleen and nse of pressure 
AtB, lOmg pnscol At C, 10 pg adrenaline caused 
sbght dilatation of spleen and fall of blood pressure 
At D, 0 1 mg adrenalme caused contraction of 
spleen and a small nse of pressure 

1601- 


once morfe , 0 1 mg adrenaline causedi 
of blood pressure and contraction of ti 
This observation suggested that th\ 
pnscol on the pressor response of_\ ..uc 
might be attributed to competition between pnscol 
and adrenalme molecules for the same “ receptor ” 
The effect of different amounts of pnscol on a 
range of doses of adrenahne was therefore deter- 
mined in a series of spinal cats The results are 
shown in Fig 2 m which curve A shows the mean 
height of the pressor response to a given dose of 
adrenahne in the absence of pnscol Curve B 
shows the effect on the adrenahne response of 
administenng pnscol in a dose of 2 5 mg /kg , and 
curve C that of 5 mg /kg It can be seen from 
Fig 2 that the reversal of the pressor action of 
adrenaline by pnscol is only possible when small 
doses of adrenahne are mjected, and that the 
- reversal is easily overcome by larger doses 

Priscol on blood vessels — ^The action of pnscol 
on the blood vessels was deternuned by perfusing 
the rabbit ear, usmg the method of Gaddum and 
Kwiatkowski (1938) In Fig 3 the vasodilatation 
produced by 0 5 mg priscol is shown The action 
on the adrenaline response was also examined m 
this preparation and the record in Fig 4 shows the 
reversal of the constrictor action, when pnscol was 
added to the Ringer’s solution perfusmg the ear 
(a) shows two vasoconstrictor effects due to the 
injection of 0 1 ju.g adrenaline , at (6) in the 
presence of priscol, 0 8 /ig adrenaline caused 



_40i — 

0 2 4 8 16 32 64 128 256 512 

Dose adrenaline (jig ) on log scale 

Fig 2 — Pnscol-adrenabne antagonism on blood pressure of spinal cat Mean blood-pressure 
nse (ordinate mm Hg ) plotted against dose (jig) adrenaline as abscissa on loganthmic scale 
Curve A shows blood-pressure nse before pnscol (mean of 3 exp ) , curve B after 2.5 
mg /kg- pnscol (mean of 2 exp ), curve C after 5 0 mg /kg pnscol (mean of 3 exp ) 
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30S(.C ^ ^ ^ 

Fio 3 — Record of outflow from vessels of rabbit ear 
obtamed by Gaddum’s drop tuner At A, 0 025 (xg. 
adrenalme caused vasoconstncbon, at P, 0 5 mg 
pnscol caused vasodilatation 

vasodilatation, and 1 6 /ig was without effect , at 
(c) 3-2 p,g adrenaline caused a shght vasoconstnc- 
tion, and at (d) 4 fig a constnchon similar to the 
imtial effects Thus not only does pnscol cause 
vasodilatation and reverse the vasoconstnctor 
action of adrenalme in isolated perfused vessels, 


but as m the spmal cat the relationship between 
pnscol and adrenalme is qiiantitative and not 
qualitative Histamme also causes vasoconstnchon 
in the rabbit’s ear, larger doses of pnscol than those 
necessary to abolish the actioh of- adrenaline 
abolished the vasoconstnction caused by histamine, 
but no reversal was seen. 

Similar observations were made when the hind- 
leg of a dog was perfused with blood (containing 
heparm) by a Dale-Schuster (1928) pump The 
injection of 10 mg pnscol caused vasoconstnc- 
tion (m contrast to the vasodilatation seen m the 
rabbit’s ear) and converted the previous constnc- 
tor action of 4 fig adrenalme to a dilator achon 
When 20 mg pnscol was mjected the dilator 
action of 4 fig adrenalme became greater and 
resembled that of 20 fig histamme The effect 
of histamme itself was unchanged by pnscol 

Pnscol on the heart — ^The action of pnscol on 
the heart was examined by perfusmg the isolated 
heart with Locke’s solution by Langendorff’s 
method In two rabbit hearts, the mjection of 
10-20 fig pnscol decreased the amplitude and 
reduced the coronary flow A similar action was 
observed m three expenments on cat hearts, but 
m other expenments on cat hearts an mcrease in 
the heart’s action was observed especially with 
larger doses (1-3 mg) An example of this is 




4 Record as m Fik. 3 In (a) two uyecUons of 0 1 pg adrenaline causuig 

vasoconstnction Be^n (a) and {b) perfusion with ^ger 

(0.2 mg per ml) was begun In (« at first arrow 0 8 pg. adre^e 

vasodilatation, and at the second 1 6 pg wm witoout ^5“^ 

caused vasoconstnction, and m (d) 4 Opg- caused an effect similar to that in ( ) 
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given m Fig 5 which shows the effect of 2 mg , 
this dose not only mcreased the amphtude but also 
both the rate (from 102-200 per mm) and the 
coronary flow (from 6 0-10 4 ml per 'mm,) 
Althou^ the increase in amphtude did not last 
more than 8 mm the mcrease m rate and m coron- 
ary flow continued for 15 mm 



Fig 5 — Record of contractions of isolated cat heart 
perfused by method of Langendorff At A, 0 3 (xg. 
adrenahne increased force of contraction, heart 
rate from 104/min to 140/min , and Coronary flow 
from 5 6 ml /mm to 7 8 ml /mm At P, 2 mg 
pnscol mcreased force of contraction, heart rate 
from 102/mm to 200/mm , and coronary flow from 
6 0 ml /mm to 10 4 ml /mm There is prolonged 
stimulation due to pnscol 8 mm after uyection, 
heart rate still 173/mm and coronary flow 9 6 ml / 
mm 

On isolated rabbit auncles at 29° C pnscol in 
concentrations of 2 /xg-4 fig per ml augmented 
the amplitude though it slowed the rate Pnscol 
lengthened the refractory penod when exammed 
by Dawes’s method (1946a), though the concen- 
trations required were large , 20 fig per ml in- 
creased it by 6 per cent , and 0 1 mg per ml 
increased it by 22 per cent Pnscol did not affect 
the action of either adrenalme or acetylcholine on 
the spontaneous beats of the isolated auncles 

Cardiovascular action of N-methylpriscol — ^The 
N-methyl derivative of pnscol, unlike pnscol, 
always caused a rise of blood pressure, as Hart- 
mann and Isler (1939) had observed An example 
IS given m Fig 6 m which the effect of injecting 
N-methylpnscol (20 mg ) is shown at Ai , the pro- 
longed rise of blood pressure was accompamed by 
a great mcrease in heart rate At B, 10 p.g 
adrenalme was injected A senes of doses of 
nicotme was then given, until no further pressor 


action was observed , a total of 31 5 mg nicotme 
acid tartrate was required The injection of 10 fig. 
adrenahne at B, then caused about the same nse 
of blood pressure as at B,, but the injection of 
20 mg N-methylpnscol at A- was almost without 
effect This suggested that the pressor action of 
N-methylpnscol was due to hberation of adrena- 
line and It was found that the pressor action of 
N-methylpnscol was greatly reduced by adrena- 
lectomy 



tosec 
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Fig 6 —Record of blood pressure of spmal cat At Aj, 
20 mg N-methylpnscol caused nse of blood 
pressure, atBi, lOpg adrenalme had pressor action. 
Between Bj and B, niconne was mjected until it no 
longer caused a nse (total uyected 31 5 mg) At 
Bt, 10 jxg adrenalme had a simflar effect to that at 
Bi, but 20 mg N-methylpnscol at Aj had almost 
no action on blood pressure 

Since the pressor action of N-methylpnscol is 
largely due to the release of adrenahne, and since 
pnscol abohshes the pressor action of adrenalme, 
It would be expected that pnscol would modify 
the pressor action of N-methylpnscol This 
proved to be so In Fig 7 a record of the nictita- 
ting membrane and of the blood pressure of a 
spmal cat is shown At A, 20 fig adrenahne was 
injected and, at B, 5 mg N-methylpnscol The 
latter caused a small prolonged contraction of the 
mctitatmg membrane At C, 5 mg /kg pnscol 
was mjected, and the mctitatmg membrane con- 
tracted strongly and persistently At D, the same 
dose of adrenalme as was previously given at A 
caused a fall of blood pressure The injection of 
5 mg N-methyIpnscol at E now had a much 
smaller pressor action, 

N-metJxylpnscol on the blood vessels — When 
exammed on the vessels of the rabbit’s ear, doses 
of N-methylpnscol up to 1 mg were without 
action 
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Fig 7 —Upper record contractions 
of nictitating membrane, lower 
record blood pressure of spinal 
cat At A, 20 pg 'adrenaline' 
caused contraction of nictitatmg 
membrane and rise of blood 
pressure, at B, 5 mg N-methyl- 
pnscol caused slow contraction 
of mctitating membrane and 
nse of pressure, at C, 5 mg /kg. 
pnscol caused powerful pro- 
longed contracbon of nichtating 
membrane, now at D, 20 pg. 
adrenaline was depressor, and 
5 mg N-methylpnscol at E 
had httle pressor action 


N-methylpnscol on the heart — On the cat heart 
perfused with Locke’s solution through the coron- 
ary vessels, N-methylpnscol was found to have a 
stimulant action as shown in Fig 8 At A, 0 5 mg 
N-methylpnscol mcreased the rate from 120 to 
206 per min, the coronary flow from 9 0 to 15 0 
. ml per mim and the amplitude as shown m the 
figure At B, 50 /ig nicotine produced a similar 
effect but of much shorter duration Since 
J^-methylpriscol caused a rise of blood pressure 



Fig 8 — ^Record of contractions of isolated cat heart 
perfused by method of Langendorff At A, 0 5 mg 
N-methylpnscol mcreased force of contraction, 
heart rate from 120/min to 206/mm , and coronary 
flow from 9 0 ml /mm to 15 0 ml /mm At B, 
50 pg mcotme acid tartrate mcreased amphtude of 
contraction, heart rate from 128/mm to 160/mm, 
and coronary flow from 8 6 ml /min to 1 1 0 ml /mui 


and increase of heart rate by a “ nicotine-likd ” 
liberation of adrenalme from the adrenals, it was 
expected that its action upon the isolated -heart 
would be another mamfestation of the same 
“ mcotme-hke ” property But it was found that 
perfusion of the cat’s heart with mcotme (2 mg 
per ml ) abolished the stimulant action of mcotme, 
but not that of N-methylpnscol In this respect 
N-methylpriscol resembles adrenaline and hista 
mine, rather than mcotme, m its action upon the 
isolated heart ' 

N-methylpriscol increased the rate and the 
amphtude of contraction of the isolated rabbit 
auricles , agam it differed from mcotme, smce 
tetraethylammonium iodide abohshed the action 
of mcotme, but had no effect on that of N-methyl 
pnscol , nor was the action of N-methylpnscol 
reduced by the antihistamme substance neoan- 
tergan. 

N-methylpnscol did not affect the refractory 
penod of the electrically-dnven auncles even m 
a concentration as high as lO"*, though this was 
enough to increase the spontaneous rate and the 
amphtude 

' Relation to amidines — ^The chemical structure 
of the imidazoline rmg is related to that of the 
amidines Dawes (1946b) showed that the latter 
potentiated the pressor action of adrenahne when 
mjected mto the splenic vein so as to pass through 
the portal system before entermg the-general cir- 
culation. Similar experiments were therefore per- 
formed with N-methylpriscol Fig 9 shows the 
blood pressure responses of a spmal cat to six 
injections of 20 jug adrenalme , 5 mg N-methyl- 
priscol was rmxed with the adrenaline m the 
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Fig 9 — Record of blood pressure of spinal cat, all 
m]ecUons made mto portal circulation through 
q>lenic vein At each A, 20 pg adrenaline produced 
nse of blood pressure, at B, 5 mg N-methylpnscol 
was mixed with 20 pg adrenaline and caused much 
greater nse of blood pressure 

second injection The effect of the second injec- 
tion was much greater than that of the first, and 
the succeeding mjections progressively declined 
Since the injection of 5 mg N-methylpriscol alone 
had no effect on the blood pressure when given 


by this route, it clearly potentiated the action of 
adrenaline 

Smooth muscle — ^The action of priscol was 
studied in the anaesthetised cat Ijy insertmg bal- 
loons in the oesophagus, duodenum and colon In 
some experiments the vagi were stimulated below 
the heart, and in others the spontaneous mtestinal 
movements were increased by the injection of 
eserme Fig 10 shows the record of thd duodenal 
contractions , they were inhibited by adrenahne , 
a large contraction was induced by priscol 
(5 mg /kg), 13 min later another mjection of 
adrenaline increased the contractions of the intes- 
tine, at the same time causing a fall of blood 
pressure This reversal of the effect of adrenalme 
on the duodenum was not seen m other parts of 
the gastro-intestmal tract 

In the isolated duodenum of the rabbit priscol 
reduced the inhibitory action of both adrenalme 
and privme, but did not reverse their action 

Both priscol and N-methylpnscol were found 
to potentiate the action of acetylcholine on the 
gumea-pig ileum, while N-methylpnscol also 
potentiated the action of histamine in the gumea- 
pig ileum as shown m Fig II It should, how- 
ever, be observed that the spontaneous movements 
were also mcreased 



Fig 10 — Upper record contractions 
of duodenum recorded by in- 
testmal balloon, water manometer 
and piston recorder, lower record 
blood pressure of cat under 
chloralose anaesthesia At the 
first A, 10 pg adrenalme inhibited 
duodenum and caused nse of 
blood pressure, at P, 5 mg /kg 
pnscol caused fill of blood pressure 
and large contraction of duo- 
denum, 3 mm after pnscol 10 pg 
adrenalme, at second A, had 
depressor action but no effect on 
duodenum, 13 mm after pnscol 
10 pg adrenalme, at last A, caused 
fall of blood pressure and con- 
traction of duodenum 
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maximal electncal stimulation of 

Fig 1 1 — Record of contractions of isolated gumea-pig ileum pre-ganglionic fibres of cat’s supenor 

in Tyrode solution All contractions caused by 0 15 pg. cervical gangbon perfused with warm 

histamine except at arrow where 2 mg N-methylpnscol Locke solution At arrows stimulations 

was added to oath and left m for 30 sec before the next lastmg IS'sec (given every 3 mm ) At 

0 15 pg histamme was added (at dot) Note the mcreased MP, 0 5 mg N-methylpnscol caused 

spontaneous activity after N-methylpnscol contraction, it abolished thecontrac- 

, I , T , . . tion due to the next stimulation, and 

Skeletal muscle Pnscol and N-methylpnscol reduced the second succeeding con 

potentiate the contractions of the frog’s rectus traction 

abdominis caused by acetylcholine When the 

cat’s sciatic nerve is stimulated by maximal single both pnscol and N-methylpnscol when injected 

shocks (16 per mm) the mjection of either pnscol mto the perfusing fluid caused a contraction of 

or N-methylpnscol mto the central end of the the membrane The contraction due to N-methyl 
extemhl ihac artery near the bifurcation caused a pnscol was more rapid m onset and in relaxation 
curanform depression of the contractions of the than that due to pnscol, m contrast to the effect 

gastrocnemius muscle as shown m Fig 12 The produced in the whole animal (Fig 7) The injec 

same effect was observed in the phremc nerve tion of N-methylpnscol also abohshed the effect 

diaphragm preparation of the rat (Billbring, 1946), of the next stimulation of the preganglionic fibres 

and m the frog gastrocnemius ss shown m Fig 13 

Superior cervical ganglion — ^When the supenor Gastric secretion ^When pnscol was infused at 
cervical ganghon of the cat was perfused with, ^ umform rate mto a vein it was found to caure 
Locke’s solution, and the contractions of the nicti- ^ large output of gastnc juice (collected by a wi e 
tatmg membrane were recorded, it was found that cannula introduced through the pylorus ® 

stomach) , this was observed m six cats anaestne 
Used with pentobarbitone When N-methylpnscol 
was infused in four Umes the concentraUon, it 



FtG 12 — Record of contractions of gastrocnemius 
muscle of spinal cat caused by supra-maximal 
electncal stimulation (rate 16/min ) of sciatic nerve - 
At A, 8 mg N-methylpnscol mjected into external 
iliac artery had curanform action, and at B, 8 mg 
pnscol had same action 


failed to produce any secretion m two cats 
Discussion- - 

The observaUons desenbed m this paper show 
that the reversal of the constnetor action of adren- 
aline by pnscol, which is seen m the whole animal, 
can also be observed m the perfused vessels or 
the rabbit’s ear It is mterestmg to record that 
Rothhn (1925) found that ergotamme also would 
reverse the action of adrenalme m isolated vessels 
The reversal^ of the pressor acUon of adrenahne 
is usually demonstrated in the' whole animal , the 
fact that it_*also occurs m isolated vessels makes 
it more probable that it is due to a- direct action 
of adrenahne itself, rather than to hberation of, 
for mstance, histamme, as has been suggested by 
Staub (1946) 
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The observations here descnbed show further 
that the introduction of a methyl group into the 
iirudazolme ring of priscol changes the vascular 
action so that the penpheral vasodilatation is no 
longer seen , mstead a pressor action appears 
winch can be atthbuted to a release of adrenahne 
' by stimulation of the sympathetic gangha The 
pressor effect of N-methtylpriscol is greatly reduced 
by the administration of either full, doses of nico- 
tine or of tetraethylammonium iodide, and also by 
the removal of the suprarenal glands It is there- 
fore very curious that though N-methylpnscol 
stimulates the- isolated cat heart and the rabbit 
auricles, this does not appear to be a mcotme-hke 
action, but may more properly be compared to the 
effect of adrenahne In cardiac tissue the action 
of N-methylpnscol was m some respects similar 
to that of pnscol 

While pnscol converts the motor effects of 
adrenaline on the vessels to inhibitor effects, it 
reduces the mhibitory effects of adrenahne on the 
mtestme, and m at least one mstance converts 
them to motor Thus after the mjection of priscol 
which Itself caused a contraction of the cat’s duo- 
denum (in vivo), the injection of adrenalme 
caused a contraction The observations are very 
similar to those which have been made with ergo- 
toxine and ergotanune, for these substances also 
convert the motor action of adrenahne on the 
vessels to an mhibitor action and as Planelles 
(1925) found, convert the inhibitor action on the 
mtestme to a motor action Priscol potentiated 
the action of acetylchohne on the mtestme 

On skeletal muscle priscol and N-methylpriscoI 
were alike m action. On the one hand, the stimu- 
lation of the frog rectus by acetylchohne was 
augmented, and on the other the contractions of 
the cat’s gastrocnemius, when evoked by stimula- 
tion of the sciatic nerve, were diminished as by an 
mjection of tubocurarme This curanform 
action was also observed m the phremc-diaphragm 
preparation of the rat In the perfused supenor 
cervical ganghon there was agam evidence of a 
double action Both pnscol and N-methylpnscol, 
on injection into the perfusion fluid, stimulated the 
ganglion , after the injection of N-methylpnscol, 
stimulation of the preganghomc fibres was tem- 
poranly meffecUve We therefore have in pnscol 
and m N-methylpnscol substances which augment 
or imitate the action of acetylchohne m the 
svmpathetic ganghon and m skeletal muscle , m 
certain circumstances they have, as mcotme has, 
the opposite, curanform, action as welL 

Perhaps the most striking conclusion to which 
we are dnven by a study of the pharmacology of 
these substances is that they will not fit into any 


of the provisional classifications of drugs which 
m the past have proved so useful This point can 
be more effectively illustrated by the following 
table — 


Priscol 


Blood pr^ure Fall 


Adrenaline action 
on blood pressure Reversed 
Adrenahne pres- 
sor effect after 
portal injection ?Unaffected 
Blood vessels VasoddataUon 


Adrenaline effect 
on vessels 
Smooth muscle 


Spleen in vivo 
Cardiac muscle 
Refractory penod 
Nictitating mem- 
brane 

Gastnc secretion 
Skeletal muscle 
Supenor cervical 
ganghon 


Reversed 
Abolishes adre- 
nalme in vitro 
Reverses adren- 
ahne in VIVO 
(cat) 

Shght dilatation 
Stimulated 
Prolonged 
Strongly stimu- 
lated (ganglion 
removed) 
Stimulated 
Like nicotine 

Like mcotme 


N-Methylpriscol 
Nicotme-hke nse 

Unaffected 


Augmented 
No direct effect 

Unaffected 
No effect on]^es- 
ponse to adrena- 
lme 


Contraction 
Stimulated 
Unaffected 
Slight stimulation 


Unaffected 
Like mcotme 

Like mcotme 


It will be impossible to explain their mode of 
action until we have achieved more knowledge 
of the physiology of these tissues, but two pomts 
may provide a lead for subsequent mvestigations 
The first is the structural relationship between the 
inudazohnes, adrenahne and histamine, and the 
second is the observation that the reversal of the 
pressor action of adrenahne by pnscol is dependent 
upon the relative concentrations of the two sub- 
stances 


Summary 

1 Reversal of the constrictor action of adren- 
ahne by priscol, demonstrated m the whole animal, 
can also be observed m the perfused vessels- of the 
rabbit’s ear The dilator action of adrenalme in 
these circumstances is more hkdly to be due to the 
action of adrenahne itself, rather than to the liber- 
ation of a substance such as histamme 

2 The, mtroduction of an N-methyl group into 
priscol changes the vascular action so that, instead 
of penpheral vasodilatation, a pressor action is 
observed, which can be attnbuted to a release of 
adrenahne by stimulation of the sympathetic 
gangha The stimulafing effect of N-methylpriscol 
on the isolated heart, however, does not appear to 
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be a mcotine-like action, but may be compared 
to the effect of adrenabne In cardiac tissue the 
action of pnscol is, m some respects, similar to 
that of N-methyl derivative 

3 Pnscol reduces the inhibitory effects of 
adrenahne on the mtestme, and m at least one 
instance converts them to motor Both pnscol and 
N-methylpnscol potentiate the action of acetyh 
cholme on the intestine 

4 In the sympathetic ganglion and m skeletal 
muscle pnscol and N-methylpnscol augment or 
imitate the actions of acetylchohne, and m certain 
circumstances they have the opposite, curanform, 
action as weU 

5 A study of the pharmacology of these sub- 
stances mdicates that they cannot be fitted mto 
the provisional classifications of drugs which have 
hitherto been so valuable 

The N-methylpnscol was very kindly supphed by 
Dr W F Short, Director of the Chemical Research 


Laboratones of Messrs Boots Pure Dru^ Co , -Ltd. 
I wish to thank Prof J H Bum and Dr G S Dawes 
for the guidance and advice which they have given 
throughout this study 
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The Study of mitotic inhibition in experiments 
dealmg with toxicological and pharmacological 
problems has been used by Dustm (1934) with 
great success He worked with normal tissues and 
tested antimitotic activities in vivo The very 
valuable method of tissue cultures has been ap- 
phed by Ludford (1936) for the same purpose 
Other biological matenals for the mvestigation of 
physiological processes on the same hnes have 
been adopted by Tondury (1941), Lehmann (1942) 
and Luscher (1946) Tondury worked with Tnton 
eggs, Lehmann (1945, 1946) and later Huber (1947) 
with the eggs of Tubifex , Ltlscher mvestigated 
regeneration in Xenopus larvae under the influence 
of colchicine Barber and Callan (1943) studied 
the effect of cold and colchicme m mitoses of the 
newt 

From the beginmng it was clear that the study 
of mitotic mhibitors may well pave the way for 
a chemotherapeutic approach to the cancer prob- 
lems (Dustin, 1939) The great variety of anti- 
mitotic substances and the lack of any chemical 
' connexion between many of them seemed to be 
a serious obstacle Furthermore nearly all the 
potent antimitotics are poisonous to normal cells 
at concentrations at which they exert antimitotic 
action on tumour cells, in this way restncting the 
use of anhmitotics to external application on sur- 
face tumours Broderson (1943) has given evi- 
dence that it IS possible by this method to control 
the growth of malignant tumours of the skin , he 
used colchicme, whose strong activity as a mitotic 
inhibitor was well known 

Nevertheless these difficulties might be over- 
come Mitchell (1942) and v Euler and Hevesy 
(1942) have shown that therapeutic doses of x- 
and gamma-radiations inhibit the synthesis of 
thymonucleic acid m proliferatmg normal and 
mahgnant cells Substances able to interfere with 
the metabolism of nucleoproteins ought therefore 

T* 


to be endowed with antimitotic properties, and 
conversely some mitotic poisons should be able to 
mtejrfere with the metabohsm of nucleoproteins , 
thus the mechanism by which disturbances m the 
metabolism of nucleoproteins are mduced becomes 
a possible common denommator for the vanous 
antimitotic substances even when they are chem- 
ically unrelated To give an example accordmg 
to Kopac (1945) stilbamidine blocks mitosis m 
some neoplastic cells , it dissociates protamine- 
ribonucleates, releasmg the protamine and sunul- 
taneously trapping the nbonucleate complex by 
the formation of an msoluble stilbamidme-nbonu- 
cleate Nucleoprotems, therefore, can be inacti- 
vated by low concentrations of stilbamidine Lettrd 
and his collaborators (1946) found that substances 
of the type R — ^Hg — ^X, where R is an alkyl or an 
aryl residue, X an inorgamc or organic anion or 
a phenol, are mitotic poisons They explain the 
antimitotic activity of these compounds by pomt- 
ing out that nucleic acids and nucleoprotems are 
able to combme by salt or complex formation with 
the organometaUic compounds to give msoluble 
products The similarity in the mechanism by 
which stilbamidine and the organometaUic com- 
pounds disclose their antimitotic properties is 
easily seen They belong to the same physiological 
group of antimitotics, although they are chemically 
as dissimilar as possible 

As mentioned above, the second great difficulty 
for the therapeutic utilization of antimitotics is the 
fact that the concentration at which they display 
the antunitotic activity is nearly always withm the 
range of their toxicity for normal ceUs Two ways 
of overcommg this difficulty have been investi- 
gated The molecule may be changed chemically 
until it has the required properties, either by in- 
vestigating the correspondmg homologous senes or 
by introducing new radicals m the hope of improv- 
ing the therapeutic index The other way is to 
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cover the active group by substitution The work 
of the cell consists then in releasing the active 
pnnciple within the cell This is possible if the ceU 
contains enzymes capable of sphtting off the sub- 
stituent The choice of the substituent is therefore 
of primary importance In view of the role which 
phosphonc acid plays m the synthesis of nucleic 
acid and the ease of its transfer m the processes 
supplymg the necessary energy for these and other 
reactions, the phosphate residue stands out as the 
most promismg substituent In 1946 Mitchell 
started to study the therapeutic effects of the 
diphosphate of 2-methyl- 1 4-naphthohydroquin- 
one, in combination with radiation, in cancer 
patients and later gave evidence in collaboration 
with Simon-Reuss (1947) that this diphosphate 
'produces mitotic inhibition m chick fibroblasts 
and in some human carcinomata, with potentia- 
tion of the mitotic inhibitory effects of x-radia- 
tion under suitable conditions in the tissue cultures 
The mitotic mhibition produced by the unsubsti- 
tuted 1 4-naphthohydroqumone was discovered by 
Lehmann (1942), who found it active at a concen- 
tration of 10*’ , the same degree of activity was 
displ^ed by the corresponding quinone Lehmann 
worked with Tubifex eggs Meier and Allgbwer 
(1945) and Meier and Schkr (1947) obtained similar 
results with chick fibroblast cultures 

Cl our own expenments we followed two fines 
of research We tried to ascertam the cheimcal 
group m the qumone molecule, common to the 
anhmitotics under investigation and responsible 
for their - chemotherapeutic activity We tried 
further to get some evidence which would allow 
us to correlate our results with physiological pro- 
cesses, the disturbance of which may cause mter- 
ruption of growth, as shown by mitotic mhibition 

The present commumcation is the first of a 
series of papers dealing with these problems 

Methods 

All the experiments were earned out on tissue cul- 
tures of chick fibroblasts The tissues used were taken 
from the sclerotic and choroid of a 10-11-days-old 
chick embryo The medium consisted of equal parts 
of fowl plasma and of 15 per cent embryo extract 
The usual hanging drop technique was appfied Two 
groups of SIX cultures of the 4th passage were selected 
and matched for experimental purposes and controls 
The compound to be tested was dissolved m Tyrode 
solution and the pH adjusted to 7 4 The solution 
^vas suitably diluted with Tyrode and sterilized by 
filtraUon through Seitz filter StenlizaUon by boihng 
m Tyrode was avoided because the boihng of maleic 
and fumanc "acids m Tyrode solution gave unrepro- 
duceable results The diluted solution of the substance 
was then added to the embryonic extract The final 


molar concentrations appear in Table I The cultures 
were fixed and stamed with Heidenham’s haematoxy 
Im at ^ven intervals and mitotic counts were earned 
out 


Experimental 


Many chemical properties of the qumones are 
centred m the non-benzenoid part of ffie molecule 
and the same may apply to the physmlogical acti 
vities Thus the question arises whether the 
benzene ring of the naphthoqumones (V) is neces- 
sary for the mitotic inhibition mduc^ by them. 
Maleic acid (I), its methyl denvative, citraconic 
acid (II), and their trn/iy-isomers, fimianc acid 
(III), and mesaconic acid (TV), were therefore 
investigated 


I R 
ho/ V 

HO ^ 

\[ 

A 

I, R= H 
II, R= CH, 


i R 

HO^ 'V^ 

(! OH 

h 

m,R= H 
rv, R = CH, 


o 



I Maleic acid 

Pure maleic acid was prepared by hydrolysis 
of maleic anhydride The results obtamed with 
maleic acid are given m Table I and show that 
maleic acid has strong antimitotic properhes At 
a concentration of 0 5 x lO** molar the mhibition 
was 33 6 and 54 2 per cent m two expenments 
The mitotic inhibition mcreased with using 
concentration The increase follows roughly a 
loganthmic graph, when plotted against the log 10 
of the concentration (Fig 1) The phase distnbu 
bon calculated in percentage of the total mitoses 
gives no decisive informabon Microscopically the 
picture common to aU substances with antimitotic 
acbvity was observed clumped metaphases and 
undivided telophases were seen In all phases , frag 
mentation of chromosomes occurred m all phases, 
but mainly in anaphases At higher concentrations 
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TABLE I 


TISSUE CULTURES CHICKEN FIBROBLASTS, HANGING DROP METHOb, 4TH PASSAGE, 24 HOUR CULTURES, FIXED 

IN SUSA, STAINED IN HEIDENHAIN’S HAEMATOXYLIN 




Mitoses as % 


Phase distnbution m % of mitoses 

Exp 

Molar 

of mitoses of 

Per cent 






cone 

controls 

inhibition 

Prophase 

Metaphase 

Anaphase 

Telophase 


Maieic Acid (10,795 mitotic cells investigated) 


1 

Controls 

— 


11 8 

38 1 

34 

46 8 

2 

05 X 10-« 

1 45 8 ± 3 8 

54 2 

17 8 

30 4 

35 

512 

3 

1 X 10“ 

32 6 ± 5 0 

674 

15 7 

21 3 

38 

59 2 

' 4 

2 X 10-“ 

45 5 ± 8 2 

54 5 

12 3 

46 0 

6 1 

35 6 

5 

Controls 

— 

— 

16 8 

29 5 

44 

49 2 

6 

05 X 10-“ 

66 4 ± 5 2 

33 6 

181 

39 4 

30 

39 6 

7 

2 X 10-“ 

157±34 

84 3 

24 9 

25 8 

30 

464 

8 

4 X 10-“ 

60 ± 1 4 

94 0 

18 6 

31 4 

39 

461 

9 

Controls 

— 

1 

225 

25 6 

59 

46 0 

10 

1 X 10 “ 

35 5 ± 2 2 

645 

19 0 

446 

78 

28 2 

11 

2 X 10-“ 

32 4 ± 6 8 

67 6 I 

189 

47 6 

72 

26 2 

12. 

3 X 10“ 

234 ± 3 1 

76 6 ! 

1 

184 

1 

38 5 

1 

45 

38 5 


Cm^coNic Acid (5 449 mitotic cells investigated) 


1 

Controls 


! 

21 1 

29 3 

75 

42 1 

2 

3 X 10“ 

98 4 ±24 

i 

21 9 

33 7 

43 

400 

3 

Controls 

1 

i 

13 5 

37 5 

95 

39 5 

4 

3 X 10-«, 

97 3 ±60 j 

— 

13 4 

38 6 

99 

38 1 

- 

- 

Fumaric Acid (7,841 mitotic cells investigated) 



1 

Controls 


— 

271 

28 7 

1 8 

41 8 

2 

1 X 10-“ 

105 4 ± 1 8 

— 

26 9 

30 9 

45 

37 7 

3 

3 X 10-“ 

87 3 ± 13 8 

— 

28 5 

22.4 

47 

445 

4 

Controls 

— 

— 

19 7 

29 5 

6 1 

447 

5 

3 X 10-“ 

84 8 ± 69 

15 2 

21 9 

259 

99 

42 3 

6 

2 X 10-* 

87 9 ± 7 10 

— 

229 

36 1 

77 

33 2 

7 

1 X 10-» 

99 7 ± 10 0 

— 

21 0 

34 6 

55 

38 9 


Mesaconic Acid (3,374 mitotic cells investigated) 


1 

Controls 

— - 



184 

33 9 

44 

43 4 

2 

5 X 10“ 

100± 3 5 

! 

30 4 

15 7 

33 

50 7 

3 

3 X 10-“ 

100 ± 69 

— 

19 4 

199 

49 

55 7 

4 

1 X 10“ 

100±33 

— 

164 

15 4 

53 

62 9 


Tetrasodium 

1 4-Naphthohydroqutnone Diphosphate (5,838 mitotic cells investigated) 

1 

Controls 





28 0 

347 

I 2 

36 0 

2 

1 X 10“ 

21 5 ± 4 8 

78 5 

3 4 

86 2 

07 

97 

3 

5 X 10-’ 

35 7 ± 5 8 

643 

52 

86 2 

03 

83 

4 

Controls 

— 

— 

169 

22,9 

1 7 

58 8 

5 

3 X 10-* 

84 ±2.5 

91 6 

70 

69 0 

1 4 

22.5 

6 

1 X 10-» 

194 ± 3 5 

80 6 

10 6 1 

55 9 

50 

28-6 

7 

5 y 10-» 

41 0 ± 9 1 

59 0 

21 9 

38 0 

58 

34 2 

8 

Controls 

1 

— 

198 

23 0 

2,3 

54 9 

9 

3 X 10 * 

49 1 ± 6 1 

50 9 

20 7 

24 9 

42 

50 2 

10 

1 y 10-» 

77 7 ± 8 9 

223 

16 9 

35 8 

2.7 

447 

11 

5 X 10-1® 

86 2 ± 9 7 

13 8 

19 5 1 

28 6 

3 8 

48 1 


1 4-Naphthohydroquinone Mono-Hydrogen Succinate (7,557 mitotic cells investigated) 


1 

Controls 

1 


206 

38 7 

57 

35 0 

2 

1 X 10-* 

103 ±10 4 ! 

— 

21 7 1 

301 

47 

43 4 

3 

3 X 10-* 

105 ± 10 6 1 

— 

22.7 

290 

49 

43 6 

4 

5 X 10-® 

104±93 

— 

22.5 

30 0 

44 

43 1 

5 

Controls 

1 

— 

13 5 

36 9 

39 

: 45 8 

6 

1 10 “ 

103 ±24 1 

— 

14 4 

43 9 

57 

360 

7 

3 y 10-* i 

102.5 ± Z1 

— 

14 7 

42.7 

60 

36 6 

8 

5 X 10 * ! 

993 ± 23 

- 1 

14 0 

1 449 

I 46 

36 5 
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Fio 1 — Mitotic inhibition plotted as percentage of 
controls against the logarithm of the concentration 
of maleic acid 


(3 and 4 x Ifr'Af) the cultures showed but httle 
outgrowth, the resting cells were flattened out and 
some exploded cells could be seen 

n Citraconic acid 

The methyl denvahve of maleic acid, citraconic 
acid, showed no mitotic inhibition There was no 
difference m the phase distributions compared with 
the controls (Table I) Microscopically a few 
clumped metaphases were to be seen but no other 
abnormalities 

in Fumartc acid 

Table I shows that fumanc acid induces no 
mitotic inhibition In the phase distnbution a 
slight -mcrease only in anaphase is to be noted 
Microscopically all concentrations showed slight 
rrutotic disturbances clumped metaphases and 
chromosome breakages in late metaphases and 
anaphases were seen , only the telophases seemed 
not to be affected Microscopical pictures 
were found 'which resembled those obtained with 
maleic acid Abnormal cells were present, and the 
proportion m which they were present was very 
near that observed m normal tissue cultures, viz., 

5 per cent (Found abnormal mitoses in per cent 
of the mitoses in the experiment at 1 x Iff'M 

6 6 + 07 per cent from 377 cells in mitosis , at 


2 X 10 ‘M 91 ± 112 per cent from 338 cells u 
mitosis , at 3 X 10-‘M 4 6 ± 0 97 per cent from 
305 cells in mitosis ) 

IV Meiaconic at d 

Mesaconic acid (methyl fumanc acid) (Table I) 
showed no mitotic inhibition and no abnormal cells 
were found The phase distribution seemed to in- 
dicate an mcrease m telophase in the lower concen- 
trations which would have to be investigated 
further 


V 1 4~Naphthohydro^umone diphosphate 

Lehmann (1942) has already shown that 1 4- 
naphthoquinone is a stronger antimitotic than its 
2- methyl denvahve He worked with Tub f ex 
eggs Meier and AUgower (1945) and Meier and 
Schar (1947) tested the substance in hssue cultures 
and descnbed the cytological pictures obtained 

As qumones and hydroqumones have apparently 
the same degree of anhmitohc activity (Lehmann, 
1942) we prepared the previously unknown 1 4- 
naphthohydroqumone diphosphate m order to 
ascertain quanhtatively its activity m hssue 
cultures 

Table I gives the results It'will be seen that 
1 4-naphthohydroqumone diphosphate is an ex- 
tremely powerful iiihibitor of mitosis Compared 
with the results calculated by Huber (1947) for the 
antimitotic activity of 1 4-naphthoquinone a re- 
markable agreement is to be noted Huber found 
1 4-naphthoquinone achve at 0 7 x 10 ’Af for 
Tubifex eggs, whereas our experiments on chick 
fibroblasts show threshold activity of 1 4-;iaph 
thohydroqumone diphosphate at 0 5 x ItFM 
Compared with the 2-methyl denvahve, tested by 
Mitchell and Simon-Reuss (1947), the activity of 


O 20 40 60 80 PPy* 


3 controls (means) 
SxIo'^M 
I X 10'® M 
3xlO'^ M 
5x10'® M 
1 xIO"® M 
3x10"® M 
5xIO'^ M 
(xIO'® M 
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-lo 2 — Tetrasodium 1 +naphthohydroqmnone dipho^ - 
phate Phase distnbuUon as percentage ot towi 
hutoses normal from 5 x 10-» to 3 x 10-»M, 
mcrease of metaphases from 5 X 10 iW 
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the new methyl free derivative is mor& than 1,000 
times greater ^ With rismg concentration the acti- 
vity of' the diphosphate mcreases From 5 x 10'“* 
- 1 X 10'*M the mcrease follows a loganthmic 
Ime The phase distribution (Fig 2) is nearly 
normal from 5 x 10‘*“M — 3 x 10'’M, but-at 5 
X 10'®M the metaphases are already increased 
This increase grows continuously with rising con- 
centration until at 5 X 10*'M 86 per cent of the 
total mitoses are in metaphase In the whole range 
of 10'’M, the range of its mitohc inhibition, na 
toxic effect was observed, although the general 
picture found in mitoUc disturbances was well in 
evidence clumped metaphases, in all phases some 
chromosome breakages, some enlarged metaphases 
and undivided telophases Toxic effects began to 
appear at vacuolized and exploded cells 

bemg found Abnormal cells were mveshgated 
for the concentration range 0 5 x 10 ’ — 1 x 
lO-’M 

VI 1 4—Naphthohydroquinone mono-hydrogen 
succmate 

This substance- was prepared in order to see 
whether the phosphate residue m the 1 4-naph- 
thohydroquinone diphosphate could be replaced by 
another acidic group 

Table I shows that 1 4-naphthohydroquinone 
mono-hydrogen succinate had no effect on mitosis 
The phase distribution seemed to be shghtly 
affected, but the figures allowed no clean mterpre- 
tation Microscopical mvestigation showed the 
absence of abnormal mitoses 

Discussion 

In this paper we have used tissue cultures as a 
method of approach to the chemotherapy of 
growth inhibition. Mitotic inhibition, phase distri- 
bution, and the cytological picture have all been 
studied as mdices of the effects exerted on tissue 
growth by the different agents The picture dis- 
closed by the three parts of this analysis may seem 
to give a reliable basis for the chemotherapeutic 
evaluation of the substances tested , this is obvi- 
ously only true within certain hmits, although the 
results given in the three parts of this analysis have 
been obtained by quantitative methods 

The study of phase distribution alone for 
mstance gives little reliable information Maleic 
acid, a strong inhibitor of mitosis, shows no appre- 
ciable change in phase distribution (Table I) 
Furthermore disturbances m phase distnbution 
may precede mitotic inhibition at lower concentra- 
tions (unpublished data) or they may follow mitotic 
inhibition after the peak of the inhibition has 


nearly been reached (1 4-naphthohydroquinone 
diphosphate , Table I, experiment 7), or one set of 
expenments may display a shift of the phases m 
one direction, another set m the opposite direction 
(Table I, 1 4-napthohydroqumone mono-hydrogen 
succmate) 

Mitotic disturbances, as shown by the occurrence 
of abnormal cells, without mitotic inhibition and 
without alteration in phase distnbution have not 
been promment with the substances examined m 
this paper , but they occur, as shown by v MoUen- 
dorff (1938), and the shght mdications of such a 
possibility, encountered in the study of fumanc 
acid, convey a warmng which cannot be dismissed 
The quantitative deterirunation of abnormal 
mitoses m connection with mitotic inhibition may 
provide useful chemotherapeutic information. A 
special investigation is planned to elaborate these 
relations The figures given for mitotic inhibition 
seem to have a greater individual importance than 
those for phase distribution They are the result 
of many mitotic processes and represent an average 
expression of them Their fluctuations, recorded 
statistically, are, as a rule, within reasonable limits 
and allow their use as a quantitative expression of 
mitotic inhibition Thus the positive statement of 
mitotic mhibition of a defimte degree for a given 
concentration is fairly safe The negative state- 
ment, no mitotic 'mhibition, based only on the 
absence of mitotic inhibition, may be erroneous , 

Taking rmtohc inhibition to express our results 
the experiments can be summarized as follows 

Mitotic 1 I Maleic H CitracomcHI Fumanc IV Mesaconic 
inhibition I Acid acid acid acid 

Mol/I J 5 X IQ-i None None None 


Mitotic "I V 1 4-naphthohydroqut- 
inhibition none diphosphate 


MoI/1 


1 X 10-» 


VL 1 4-naph- 2 methyl 1 4 
thohydro- -naphthohy- 
qumone droqumone 
mono-hy- diphosphate 
drogen (Mitchell and 
succinate Simon Reuss) 

None 3 x 10"® 


The results shoW that the nng structure of the 
qumones is not necessary for inducing antimitotic 
activity Maleic acid (I) which contams the ali- 
phatic part of the quinone molecule is a strong 
antimitotic In this connection it may be remem- 
bered that Brunschwig et al (1946) were able to 
show that the growth of cancer in rats can be 
retarded by maleic acid 

Introducing a methyl group mto maleic acid 
gives citracomc acid (IT), which does not show 
the antimitotic properties of maleic acid 

The importance of the c;j-configuration of 
maleic acid is shown by the behaviour of fumanc 
acid (IID and mesacomc acid (IV), the trans- 
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isomers of maleic and citracomc acids Fumanc 
acid exerts no mitotic inhibition, in agreement with 
the results obtamed by Pomerat and Wilmer (1939), 
mesaconic acid was also completely inactive 

A methyl group introducted into maleic acid 
has obviously a dystherapeutic effect The same is 
true m the 1 4-naphthoqumone senes The methyl 
free 1 4-naphthohydroquinone diphosphate be- 
longs to the most powerful antimitotics obtained 
so far Compared with colchicme and taking the 
figures given by Huber (1947) for its antimitotic 
action on Tubifex eggs as basis (8 41 x \0^M) it 
is approximately 15 times more active than 
colchicine 


The importance of phosphorylation, inaugurated 
in this senes by Mitchell and Simon-Reuss (1947) 
with the exaimnation of the diphosphate of 
2-methyl— 1 4-naphthohydroquvnone, is again 
apparent Introducmg succimc acid mstead of 
phosphoric acid m 1 4-iiaphthohydroquinone gave 
1 4— naphthohydroqumone mono-hydrogen succm- 
ate (VI) which was completely inactive The role 
of the phosphorylation will be discussed in another 
paper of this series 

The present mvestigation discloses clearly the 
umt which maleic acid and the qumones have in 
common We find m both groups the same unin- 
terrupted system of three conjugated double bonds 
m which the second double bond is activated by 
the two adjacent C=0 groups The experimental 
evidence, so far obtamed, seems to suggest that the 
unit 0=^C-CR=CH-C=0, R=H, in maleic 
acid and R=H or CH^ m the qumones, is con- 
nected with the antimitotic activity of this group 

This unit IS closely related to stilbylamme, which 
Lettr^ (1946) has shown to be the active pnnciple 
m the great colchicme group, basing his deduction 
on the Windaus formula for colchicme, although 
not disregardmg the alternative structure put for- 
ward by Cook et al (1944) and by Dewar (1945) 
It IS also related to stilbene, enclosed m the stil- 
boestrols and mveshgated m tissue cultures by von 
Mollendorff (1939) and by Lettr6 and Albrecht 
(1941 and 1943) 


O O 



/ \ 



/ \ 

/ \ 


m qumones, 


m the colchicme group. 


Chemical Section 

Preparation of 1 4 - naphthohydroqumone diphos- 
phate and its salts Dibamim salt — A stream of 
nitrogen was passed mto a flask contammg phosphor- 
ous oxychloride (9 c c ) m pure dry pyndme (60 c c.) 
The contents were stirred m ice dunng the dropwise 
addition over 45 mmutes of an ice-cold solution of 
I 4-naphthohydroqumone (3 5 g) m pyndme (90 c.c) 
After final addition, the mixture was stirred m ice 
for 30 mmutes and then evaporated in vacuo under 
nitrogen at 50° When the residue was almost dry, 
pyndme (50 c c ) was added and the evaporation re- 
peated The residue was left ovenught in vacuo over 
sulphunc acid Water (200 c c ) was then added, the 
whole well shaken and left at room temperature for 
I hour Hyflo supercel (ca 1 g) was added, the 
liquid filtered under reduced pressure, and the pale 
yellow filtrate made just alkaline to phenolphthalein 
by addition of a saturated solution of barium hydrox- 
ide (ca 1 litre) The small precipitate was filtered off 
after addiUon of Hyflo and the filtrate evaporated in 
vacuo under nitrogen at 70° to about 500 c.c The 
concentrate was filtered through a layer of Hyflo on 
a Buchner funnel and the filtrate added slowly with 
shaking to alcohol (500 cc) The flocculent preapi 
tate was left for 36 hours at room temperature m the 
dark after displacmg air with nitrogen The product 
formed a gel which was centnfuged off, washed once 
with 50 per cent aqueous alcohol, once with alcohol, 
and finally with ether Theresidue was dried in vacuo 
over sihca gel Crude yield 13 3 g colourless amor- 
phous solid The salt appears to decompose when 
heated m solution 

TetracycXohexylamine salt — ^A solution of cyclo- 
hexylamme (5 cc) in water was Utrated with N 
sulphunc acid till a pH of 3 8 was reached (43 5 c.c 
1 006N sulphunc acid required) This solution was 
diluted to 100 cc with disUlled water 

Dibanum 1 4-naphthohydroqumone diphosphate 
(3^435 g , crude) was dissolved almost completely m 
water (100 c c ) and titrated with the above cyclo- 
hexylamine sulphate solution till only a trace of free 
banura ions remained (as tested for by an aqueous 
solution of sodium rhodizonate) This required 
44 5 c c , if the banum salt had been pure,. 53 5 c t 
would have been needed Hyflo supercel was added, 
the precipitated banum sulphate filtered off through 
a layer of Hyflo and the filtrate evaporated to dryness 
in vacuo over nitrogen at 60° The gummy res’*^^ 
was dissolved in methyl alcohol (25 c c ), decolon^ 
with charcoal, and evaporated to about 10 c,c Ether 
was added till a slight opalescence appeared On 
standing overnight pnsms of the tetracyclohexylamine 
salt of 1 4-naphthohydroquinone diphosphate separ- 
ated which were filtered off and washed with methyl 
alcohol-ether (1 1), then with ether, and dned , 2 1 g 
colourless pnsms (jueld 50 per cent) m p 193 5 IV 
(decomp after sintering at 192°) For analy^i^ a 
specimen was recrystallized from methyl ®*cono , 
m p unchanged (Found C, 54 6 , H, 9 0, N, 7 
per cent C..H..O.P, 4C.H..NJ2H,0 requires C, 54J . 
H,'8 8 , N, 7 44 per cent) 


m the stilbocstrols. 
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Tetrasedium salt — ^The tetracyc/ohexylamine salt of 
1 4-naphthohydroquinone diphosphate (1 7330 g ) m 
water (25 c c ) was treated with the theoretical amount 
of sodium hydroxide solution (96 5 c c of 0 0956N ), 
the resulting solution filtered through a sintered glass 
funnel, a httle redistilled hexyl alcohol added, and the 
whole evaporated in vacuo over nitrogen at 70° The 
colourless oily residue gradually crystallized when left 
in vacuo The matenal w^ ground up with alcohol 
m an agate mortar, filtefed off and dned The tetra- 
sodiuni salt of 1 4-naphthohydroquinone diphosphate 
crystalhzed m colourless pnsms , 0 8 g (yield 85 per 
cent) (Found, m matenal dned at 50° C, 24 5 , 
H, 3 2 Loss in weight at 180°, 19 0 C.oH.OaP»Na, 
5HjO requires C, 24 1 , H, 3 2 Loss of 5 H 5 O requires 
18 1 per cent) The salt is soluble in cold water to 
form a neutral solution, and forms a gel on addition 
of orgamc solvents 

1 4-Naphthohydroquinone diphosphate — {a) From 
the tetrasodium salt Tetrasodium salt of 1 4-naphtho- 
hydroqumone diphosphate (0 45 g) was treated with 
ca 5N hydrochlonc acid (I 1 c c ) and water (5 c c ) 
The solution was evaporated to dryness under re- 
duced pressure, and the residue well extracted with 
hot alcohol (total 15 cc) The extract was filtered, 
treated with a httle Hyflo and filtered through a httle 
Hyflo The filtrate was evaporated to dryness m 
vacuo under nitrogen at room temperature and the 
residue left to sohdify 

The resulting sohd, admixed with some oil, was 
dned on a porous tile, ground up with dry ethyl 
acetate, filtered off and dned The compound formed 
a colourless partially crystalhne sohd, mp 214-215° 
(decomp ) , 0 2 g {^field 68 per cent) (Found C, 
34 6 , H, 3 3 Equiv 84 5 Loss in weight at 180° 
with some decomposition, 9 0 CioH,oO,Pj HH^O 
requires C, 34 6 , H, 3 7 Equiv 86 8 Lx>ss of 
l^HjO requires 7 4 per cent) 

(6) From crude dibanum salt The dibanum salt 
(7 879 g ) was stirred in water (200 c c ) till solution 
was almost complete and N sulphunc acid added till 
only a trace of free banum ions remained, the precipi- 
tated banum sulphate filtered off through a layer of 
Hyflo, and the colourless filtrate evaporated to dryness 
under reduced pressure, leaving I 9 g of waxy solid 
This sohd was dissolved in alcohol (150 cc), filtered 
through Hyflo, and allowed to evaporate at room 
temperature in vacuo The residue crystalhzed, m p 
210-212° (decomp ) (equiv 77 3) The alcohol treat- 
ment was repeated and when most of the alcohol had 
evaporated, a httle ethyl acetate was added The 1 4- 
naphthohydroquinone diphosphate partially crystal- 
lized in colourless pnsms on standmg, m p 214-215° 
(decomp ) (Found, m matenal dned at 80° C, 36 9 , 
H, 3 6 per cent ^uiv 79 6 C,oH,oO,Pj iH,0 re- 
quires C, 36 5, H, 3 4 per cent ^uiv 82 3 ) 

The tetracyc/ohexylamine salt can also be prepared 
from the free acid m water by addition of excess 
c>c/ohexylamme The residue after evaporation 
crj-stallizes from methyl alcohol, mp 193 5-194° 


(decomp) identical with the matenal prepared from 
the dibanum salt 

1 4-N aphthohydroquinone mono-hydrogen succi- 
nate — 1 4-Naphthohydroquinone (1 g.) and maleic 
anhydnde (6 g ) were carefully mixed and the mixture 
heated under nitrogen for two hours at 160° The 
molten mass was collected, powdered, and extracted 
with hot ether (400 c c ) m portions of 50 c c The 
ether extract was filtered after 24 hours from undis- 
solved anhydnde (3 3 g ) and extracted with 1 per cent 
sodium carbonate (45' cc) m portions of 4x10 cc 
and 1x5 cc The first extracts were acid, the last 
extract was amphotenc against litmus The com- 
bmed 1 per cent sodium carbonate extracts remained 
clear on acidifying and wer? discarded A second 
extraction with 5 per cent sodium carbonate followed 
(90 cc m portions of 20, 20, and 5x10 cc) The 
second extract, at once acidified with 5 N sulphunc 
aad (15 cc), gave an oily, reddish precipitate which 
solidified quickly The precipitate was dissolved in 
ether The red brownish ethereal solution was washed 
with water, dned over anhydrous sodium sulphate, 
decolonsed with charcoal, and brought to dryness 
The shghtly coloured, crystalhne residue (0 7 g ) was 
extracted wth hot benzene (20 cc) which removed 
the coloured impunties completely Yield 0 6 g , 
m p 175-176° (decomp ) Recrystalhzation from 
ether/ n-hexane gave a product melting at 171°, 
which was agam recrystallized from methanol /water 
It was finally obtained m transparent, irregularly 
shaped plates, smgle or arranged m rosettes of tilted 
plates, m p 167° (decomp ) Dissolved in dilute 
alcohol, the substance gives a purple colour reaction 
with aq feme chlonde (Found C, 64 5 , H, 4 35 
Equiv 251 CjiHijO, requires C, 64 6 , H, 4 65 per 
cent Equiv 260) 

1 4-N aphthohydroquinone bis-hydrogen succinate 
— 1 4-Naphthohydroquinone (0 5 g ) and maleic an- 
hydnde (3 g) were brought to reaction as desenbed 
above The molten mass was poured mto water 
(50 c c ) The undissolved matenal was powdered and 
re-extracted with water (50 cc) for one hour The 
residue was collected, washed and dned in vacuo 
The dned substance (0 5 g ) was dissolved m ether 
(75 c c ) by heating The slightly cloudy solution be- 
came clear after bemg gently treated with nonte 
The nonte was removed by filtration and the filtrate 
concentrated until crystals began to appear The 
crystallization was completed by addmg n-hexane in 
the usual way The collected crystals (0 4 g , m p 
137°) were recrystallized from hot ether (180 cc), 
discarding small amounts of ether msoluble matenal 
The ethereal solution was concentrated to ca 20 cc 
and allowed to crystallize for 24 hours at room 
temperature The colourless crystals (018 g) so 
obtained gave no colour reaction with aqueous feme 
chlonde and seemed to be pure , m p 144^° They 
were analysed, since prehmmary expenments had 
shown that the substance is decomposed by repeated 
recrystalhzation. (Found C, 605, H, 4 6 Equiv 
173 C,,H„Ob reqmrcs C, 60 0, H, 45 per cent 
Equiv 180) 
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Summary ' 

TTie antimitotic properties of maleic acid, citra- 
comc acid, fumanc acid and mesacomc acid have 
been examined in cultures of chick fibroblasts w 
-vitro Maleic acid proved to be a strong antimi- 
totic 

The connection of this group of substances with 
the 1 4-quinones has been discussed 

In the hydroquinone series 1 4-naphthohydro- 
qumone diphosphate has been prepared and its 
antimitotic properties have been examined It was 
found to be 1,000 times as active as 2— methyl — 
1 4— naphthohydroquinone diphosphate 1 4- 

Napthoqumone mono-hydrogen succmate was 
completely inactive 

One of us (E F ) IS indebted to Eh Lilly and Com- 
pany for finanaal support 
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A SIMPLE RECORDINa IMPULSE COUNTER 

BY 

R H THORP 

From the Wellcome Physiological Research Laboratories, Beckenham, Kent 


(P‘'ccned Marcl^ 27 


Dunag an investigation of the action of drugs 
upon the isolated mammahan heart by means of 
the Langendorff preparation, it was observed that 
certam substances produced a marked accelera- 
tion m the rate of the heart beat In order that 
such observations could be recorded, an impulse 
counter was designed capable of making a per- 
manent record on a kymograph 



SCHEMATIC DIAGRAM OF RECORDING IMPULSE COUNTER 
Fig 1 

The pnnciple of the impulse recorder is shown 
diagrammatically m Fig 1 Each impulse 
operates the electromagnet A and draws down the 
pawl B When the circuit is broken at the end 
of the impulse, the return of the armature pawl 
lifts the rack bar C by one tooth There is a 
second pawl concealed by B m the diagram, 
which prevents the rack bar from falling while 
the pawl B is in motion 

The rack bar is cut to give 50 teeth each of one 
millimetre pitch and a writing point D is attached 
to the top of the bar Impulses are therefore 

u 


recorded by a line which nses 1 mm per impulse 
on the kymograph drum and mav be a stepped 
diagonal line on a fast moving drum, or a virtu- 
ally vertical line on a slow moving drum The 
impulse count is recorded over timed intervals 
which can be derived from any time marker clock 
used m physiological laboratories At the end 
of the counting cycle an impulse from the time 
clock energizes the electromagnet E which pulls 
back the complete armature and pawl assembly 
so that the rack bar is reset to the base hne 
The electromagnet used for counting the im- 
pulses is wound to a resistance of 1,500 ohms and 
needs an operating current of 15 milhamps This 
has been so constructed for convemence in opera- 
tmg the device from a valve relay of the pattern 
described by Winton (1936, 1939) 

Tlie time cycle release magnet coil is wound 
to a resistance of 4 ohms and operates on a 6 volt 
supply, but could be arranged to operate at mams 
voltage if necessary 

The photograph Plate I shows the construction 
of the device and the same lettering has been used 
as in -the diagram The two projecting screws 
F and G enable the counter to be set or released 
manually 

In recording the rate of the isolated heart the 
impulse was derived from two contacts oh the 
lever recording the individual beats , these con- 
tacts were connected to the valve relay unit 
The counter can be used for recording a drop 
outflow with very satisfactory results, by using 
a silver drop tube of the pattern mentioned by 
Winton (1936),. and connecting this to the valve 
relay 

SeveraF workers have described instruments of 
this type, but the earliest is probably that of Ncgnn 
(1919) followed bv the instruments of Fleisch and 
later that described by Gaddum (1938) 

It IS common experience in the science of 
measurement that several instruments are neces- 
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Plate I — Recording impulse counter with cover removed to show mechanism 


sary to cover a wide range of variation m a given 
function Gaddum’s device records on the kymo- 
graph. the time elapsing between two successive 
impulses, and is excellent when these impulses 
are several seconds apart, but unsuitable tor 
impulse rates faster than 100 per minute The 
instrument at present described counts the 
impulses and by alterations in the slope of the 
recorded trace gives an indication of a change of 
interval between impulses withm any one timing 
cycle, which can be of any length greater than 
5 seconds The fasted rate the present model can 
record is between 550 and 600 impulses per 
minute 


The applications of such a device are many, and 
its fundamental advantage is its inherent lineanty 
and the- ease with which the mdividual impulses 
can be counted on the record 

I should hke to thank Mr Ellis, of Messrs C F 
Palmer (London), Ltd , who constructed the instrument 
illustrated from a simple prototype 
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SYSTEMIC EFFECTS OF ADENOSINE TRIPHOSPHATE 

BY 

N EMMELIN* (Lund) AND W FELDBERCf 
From the Physiological Laboratory, Cambridge 

(Recehcd April 6 1948) 


The experiments described in the present paper 
were the outcome of an incidental observation 
made in decerebrate cats when adenosine triphos- 
phate (ATP) was injected mto the artery supplying 
a leg muscle, the tibialis anticus These injections 
were mtended to produce the direct muscle con- 
tractmg action of ATP first described by Buchthal 
and Kahlson (1944) We started with small doses 
of ATP which gave no contractile response , the 
dose was then increased with the result that some- 
times, but by no means always, immediate wealc 
contractions could be recorded from the tibialis 
anticus, but the injections produced additional and 
more striking effects After a latency of some 30 
seconds, the time necessary for the ATP to reach 
the general circulation after having passed through 
the tibialis anticus muscle, respiratory changes 
occurred, followed by strong contractions of the 
ske’etdl muscles of the limbs and the whole body 
of the ammal ATP is known to produce profound 
changes m the cardio-vascular system (Drury and 
Szent-Gyorgyi, 1929 , Gaddum and Holtz, 1933 , 
Gillespie 1934 , McDowall, 1944 , Bielschowsky, 
Green and Stoner, 1946) and the possibihty was 
therefore envisaged that these general effects might 
be the outcome of circulatory events 

The present paper deals with circulatory, respira- 
tory, and other systemic effects of ATP when in- 
jected into different parts of the circulatorv system 

Methods 

Most experiments were performed on cals, 
decerebrate or m chloralose anaesthesia , a few ex- 
penrrents were performed on dogs and rabbits also 
anaesthetized with chloralose The systemic arterial 
blood pressure was recorded from the left external 
carotid or the "femoral artery with a mercury 
manometer In the same way the pressure in the 
pulmonarv arterv was recorded in some cats as well, 
the artery of the lower lobe on the left lung being 

• With a grant Trom the Swedish Medical Research Council 

t With a grant Trom the Medical Research Council 


cannulated in this case The heart rate was read from 
the tracing of the systemic blood pressure , for this 
purpose the drum was run at a fast speed 

For intravenous injections of ATP cannulae were 
tied into a jugular or femoral vein When the ATP 
was mtended to reach the systemic, without first 
passmg the pulmonary circulation, it was injected either 
in o the left auncle or through a glass cannula tied 
into Ihe left auncle or through a long fine synnge 
needle, with a blunt Up, which was passed through 
an opening in the nght external carotid or sub- 
clavian artery down to the base of the ascending 
aorta Heparin was often given in these expenments 
For injecting ATP into the bram circulation it was 
injected into the vertebral or external carotid artery 
For the injections into the vertebral artery again a fine 
blunt needle attached to a syringe, filled with the 
amount of ATP to be injected, was passed through 
an artenal side branch into the vertebral artery In 
order to ensure that all the injected ATP passed 
down the vertebral artery the vessel, was sometimes 
tied over the needle dunng the injection, but imme- 
diately afterwards the ligature w’as loosened and the 
needle withdrawn so that the blood supply to the 
vertebral artery was restored When ATP was 
injected into the external carotid, the carotid sinus 
region was usually denervated and the injections were 
made through a cannula ued into the lingual artery 
pomUng toward the carotid which during the injec- 
tions was kept clamped at its aortic end with an 
artenal clip 

When we began injecting ATP into the left 
coronary artery we used cats and introduced a fine 
olunt synnge needle slightly bent at its end, through 
an opening in the subclavian artery mto the ascending 
aorta and then guidmg it by touch mto the mouth of 
the left coronary artery It was either kept here 
without further fixation dunng the injection or tied 
with a thread previously placed loosely round the 
ongin of the coronary artery In these expenments 
the left coronary artery is supplied with blood by 
collaterals only Later on we used in cats and dogs 
the methods desenbed bv Dawes for cats (1947) 
With this method the arculation through the left 
coronarj' artery is not interrupted A spcciallj 
shaped glass cannula is required for these expen- 
ments , It was kindh supplied to us b\ Dr G S 



274 


N EMMELIN lAND-W FELDBERG 

I 


Dawes (Oxford) In all experiments with injections 
into the left coronary artery hepann was used 

Respiration was recorded by a modification of 
<3adduns (l941) method The trachea was attached 
to a glass tube with inflow and outflow valves, which 
gave as little resistance to respiration as possib e The 
expired air was blown into a 10 litre bottle, from 
which a 'fine glass tube led to the outside air and a 
wide tube to a sensitive tambour for recording the 
respiratory changes Unhke Gaddum’s rtiethod this 
arrangement does not provide a quantitative record of 
the respiratory changes, but it serves the purpose of 
recording easily changes in rate and depth of respira- 
tion Inspiration is shown in the tracings as a down- 
ward, expiration as an upward stroke 
In some experiments it was desired to exclude 
vagal impulses for short periods For this purpose 
the vagi were cooled at the neck by placing them 
each on a separate 1 5 cm wide thin copper plate, 
which was slightly bent at its end in order to prevent 
ihe nerves from slipping off the plate The plates 
were 16 cm long and kept cold during the penod of 
coohng the nerves by placing the free ends into i 
beakers full of crushed ice In addition a little metal ^ 
box w'as soldered on each plate near the end provided 
to take the nerve and also filled with crushed ice 
Three different jireparations of the barium salt_of 
ATP were iised One sample was prepared by our- 
selves by a mocified version of Lohmann’s method 
(1931) one sample was kindly supplied to us bv 
Professor F Buchthal (Copenhagen), and a third 
sample was obtained from Boots’ Drug House 
Before use the Ba salt was converted into the 
sodium salt When the three preparations were com- 
pared for their ability to activate the synthesis oi 
acetylcho me in extracts of acetone dried brain 
tissu the sample obtained from Boots was found to 
be only 80 per cent as active' as the other two 
samples, which had practically identical activity No 
obvicus difference was observed with the three pre- 
parations on injections into the circulations of cats or 
dogs , a 20 per cent reduction m activity, however, 
would not have been noticed in these expenments 
"In' the text the dose of ATP injected has been "ex- 
pressed as ATP pyro — P (ATP — P) In order to 
ob am the value for the total phosphorus injected the 
value has to be multiplied by 1 5 In a few experi- 
men s control mjections were made wath creatine 
phosphate which was kmdly prepared for us by Dr 
P Eggleton and Dr Nimmo Smith as the synthetic 
Ba salt and converted before use into the Na salt 
The values for creatine phosphate are expressed in 
the text as mg total labile phosphorus (CrP— P), about 
1 mg of which IS present in 12 mg of the Ba salt 

Results 

Circulatory effects in cats 

The intravenous mjection of 0 2 to 0 4 mg of 
ATP — P causes a profound and steep fall m 
arterial blood pressure (Fig 1) Dunne the fall 


the heart pulsations on the blood pressure tracing 
become feeble or the float on the mercury mano 
meter may even write a smooth line on the smoked 
drum When the oscillations are not obliterated, 
pronounced slowmg of the heart can be seen on 
the blood pressure tracings In Fig la the steep 
fall in arterial blood pressure is associated with 
an initial penod in which the heart oscillations are 
no longer visible on the tracing , later pronounced 
slowing of the heart will be seen In the experi- 
ment of Fig Ib the" blood pressure traeing gives 
dunng the whole period of the depression a 
smooth line 

When the blood pressure has recovered a re- 
newed" injection of ATP produces approximately 
the same strong fall m arterial blood pressure as 
the first injection, but on further repetition of the 
injections the sensitivity to ' ATP gradually de 
creases, so that it has to be given in increasing 
doses in order to elicit responses as strong as the 
initial ones 

Other organic as well as inorganic phosphate 
compounds injected im doses containing the same 
or even a greater amount of total phosphate than 
that injected with the ATP, produced either no 
fall m artenal blood pressure (for instance 0 6 mg 
CrP — P, 7 mg sodium .triphosphate or 15 mg 
sodium pyrophosphate) or a fall uncomplicated by 
slowing of the heart or by reduction in the heart 
oscillations (for instance 10 mg musele or yeast 
adenylic acid) 

The following factors are responsible for the 
depressor aetion of ATP in cats (a) obstruction in ‘ 
the pulmonary circulation, causmg a reduction m 
cardiac output, (h) reflex slowing of the heart caus 
ing further reduction m cardiac output, and 
(c) vasodilatation 


Obstruction in the pulmonary _ circulation— ^ 
order to observe the effect of ATP on the pulmon 
ary circulation it is best either to cut the vagi or to 
give atropine in order to eliminate the slowing of 
the heart Under these circumstances ATP stiU 
produces its pronounced depressor effect, showing 
that the slowing of the heart observed in the 
absence of atropine and with the vagi intact is not 
the sole or main factor responsible for the fall m 
systemic blood pressure produced by ATP 
The injection of 0 2 to 0 4 mg ATP P 
the jugular vem or into the right auncle-of a ca 
with the thorax open, artificial ventilation and t e 
vagi cut or atropine given, produces tremendous 
swelling of the pulmonary artery and of the who e 
right heart, ventricle and auricle , the left remains 
small This can be observed with the naked ey 
in a cat with open thorax and artificial 
These volume changes do not take place when 
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Fig 1 — Respiration (upper) and arterial 
blood pressure Gower) tracings of 
decerebrate cat (o) and cat under 
chloralose (Z>) At A, 0 2 mg , at 
B, 0 4 mg ATP-P mtravenously 
Time in 10 seconds 



(o) 


in 


Fig 2 — Pressure in pulmonary artery 
(upper traang) and carobd Gower 
tracing) of 2 2 kg cat under chlora- 
lose Thorax opened , artificial 
ventUation , both vagi cut At the 
arrows 0 2 mg ATP-P into the left 
auncle (at A) and into the jugular 
vein (at B) Time in 10 seconds 
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same dose of ATP is injected into the left auricle 
and reaches the pulmonary artery greatly diluted 
after its passage through the systemic circulation 
Incisions into the carotid arteries, when the mtra- 
venous mjection of ATP had produced its charac- 
teristic fall m arterial blood pressure with elimin- 
ation of the' heart oscillations and the typical 
changes in heart volume, caused very little bleed- 
ing, whereas a subsequent mcision mto the nght 
auricle or the superior vena cava produced a rush- 
' ing out of blood into the thorax All these obser- 
vations are accounted for by a strong obstruction 
in the pulmonary circulation whereby the blood is 
prevented from reaching the left heart , conse- 
quently the cardiac output drops 

In Fig 2 the pulmonary obstruction produced 
by ATP is shown by recording its effect on the 
pressure in the pulmonary artery simultaneously 
with the carotid blood pressure Usually the open- 
ing of the thorax and tying a cannula into a pul- 
monary artery and into the left auricle lowers the 
carotid blood pressure to about 100 mm Hg or 
to an even lower” level In this condition ATP 
apparently produces little further vasodilatation, as 
seen from the fact that an injection of 0 2 mg 
ATP — P into the left auricle causes scarcely any 
further fall in carotid blood pressure (Fig 2,A) 
The pressure in the pulmonary artery_also is httle 
affected by this mjechon of ATP The result, how- 
ever, is different when the same dose of ATP is 
injected intravenously (at B) , the pressure m the 
pulmonary artery nses immediately and steeply 
from its initial level of about 20 mm Hg to about 
80 mm Hg The pressure m the carotid artery 
starts to fall a second or two after the beginning 
of the rise in the pulmonary artery and then fol- 
lows it in reverse direction Dunng the fall m 
systemic blood pressure the heart oscillations on 
the carotid pressure tracing become feeble 

With repeated intravenous mjections of the same 
dose of ATP the effect on the pulmonary blood 
pressure becomes gradually smaller and so does 
the fall m systemic blood pressure But an mcrease 
m the dose of ATP produces again the strong pres- 
sure changes in the pulmonary and carotid artery 

Vasodilatation in the systemic circulation — ^We 
have seen that in cats in which a cannula has been 
tied -into the pulmonary artery the artenal blood 
pressure "often falls to a level of about, 100 mm 
Hg or lower owing most likely to a decrease 
of tone m the systemic vessels In such cats no 
evidence could be obtained for a vasodilator action 
of ATP The result, however', is different in those 
cats in which the level of the arterial blood pres- 
sure has remained high even after opening the 


thorax and'tying a cannula into the left auncle , in 
these conditions ATP m doses too small to produce 
a fall in artenal blood pressure, when injected in 
travenously, has such an action when injected 
mto the left auricle In the experiment of Fig 3 

aldose of 0 05 mg ATP — P injected intravenously 
/ 

mm 



Fig 3 — Carotid blood pressure of 3 2 kg cat under 
chloralose Both vagi cut, thorax opened, artificial 
ventilaUon At A and E intravenous injecUon of 
0 05 mg and 0 2 mg ATP-P respectively At B 
and D 0 025 mg ATP-P and at C 1 c.c. salme 
injected into the left auncle Tune in 10 seconds. 


at A did not lower the arterial blood pressure, but 
half the amount injected into the left auricle, at B 
and D, caused an evanescent but pronounced fall, 
which m fact was stronger than that produced by 
eight tunes the dose of ATP injected intraven 
ously at E Vasodilatation in the systemic circula 
" tion therefore also contnbutes to the usual depres 
sor action of intravenous mjections of ATP 

No expenments have been carried out to analyse 
the vasodilatation It is unlikely that reflex vaso 
dilatation occurs with ATP when the vagi nerves 
have been cut This may happen, however, in cats 
with intact vagi which could carry afferent iin 
pulses to the vasomotor centre . The effect woul 
then resemble that of veratnn^(Dawes, 1947) Our 
experiments also do not deal with the possibility o 
a centrally induced vasodilatation Such an ^cc 
cannot be excluded by our.-findmg that Air, a 
least in cats under chloralose anaesthesia, has n 
central cardiac action 

Slowing of the heart— The pronounced slowing 
of the heart when ATP is injected mtrave^us y 
dependent on the mtegrity of the vagi Tnis 
been observed by McDowall and by 
Green, and Stoner (1946) They had conclu 
ATP stimulates 'the vagus centre m the me 
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Our results, however, show that the slowing is 
mainly accounted for by a reflex, the afferent and 
efferent impulses of which are earned m the vagus 
nerve In fact m cats under cUoralose anaes- 
thesia the bradycardia obtained on mjections of 
0 2-0 4 mg ATP — Pds solely accounted forln this 
way In decerebrate cats, on the other hand, 
stimulation of the^ cardio-inhibitor centre by ATP 
probably contnbutes to the bradycardia In these 
cats mjections of 0 2 to 0 4 mg ATP — P mto a 
vertebral artery slow the heart, but in cats under 
chloralose neither an injection into a carotid 
artery, m central direction, nor into a vertebral 
artery was effective, whereas the same amount of 
ATP injected mto the left auricle produced pro- 
nounced bradycardia even when the carotid and 
vertebral arteries were occluded during the injec- 
tion It might be mentioned in this connexion 
that clamping of the vertebral arteries in decere- 
brate cats, but not in cats under chloralose, also 
led to bradycardia The reflex nature of ATP- 
bradycardia in cats under chloralose anaesthesia 
IS illustrated by the experiment (Fig 4) m which 
0 1 mg ATP — P was mjected either mto the right 
vertebral artery (at B) or mto the left auricle (at A) 
The mjection mto the auncle reduced the heart 
rate from 34 per 10 seconds to 9 per 10 seconds, 
whereas the vertebral mjection did not change it 
Between B and C the carotid and vertebral artenes 
were clamped , this caused a rise m blood pressure 
but no slowing of the heart. When the blood pres- 
sure had reached a relatively steady level 0 1 mg 
ATP — P was agam injected mto the left auncle, 
at C The bradycardia was not prevented by 
havmg excluded the bram circulation, but w'as 
abolished after cuttmg the vagi In another ex- 
periment on a cat in chloralose anaesthesia 0 1 
mg ATP — P was injected mto the nght carotid, 
whilst it was kept clamped for a few seconds at 
its aortic end, or into the left auncle, the carotid 
and vertebral artenes being kept occluded for 
about 10 seconds before and after the mjecUon 
Again only the mjection mto the left auncle caused 
slowing of the heart (from 3 4 to 15 beats per 
second) despite the fact that the pathway to the 
bram was occluded, but the bradycardia was abol- 
ished after cuttmg the vagi This experiment 
shows m addition that the reflex does not ongmate 
from chemoreceptors m the carotid body, a fact 
which has been verified in cats with both carotid 
sinus nerv’es hgated and cut. These experiments do 
not exclude an action of ATP on the chemo- 
receptors in the aortic body, but it would be 
strange if they were, and those in the carotid body 
were not, sensitive to ATP The region of the aortic 
arch, however has not been excluded as a contri- 


butory area from which the reflex could be ehcited 
although, to some extent at least, it onginates in 
the heart itself and thus resembles the bradycardia 
produced by veratrm alkaloids (Dawes, 1947) , this 
was evident when ATP was mjected into the 
coronary artery 

In one cat we succeeded in tymg a needle can- 
nula, mtroduced through the subclavian artery, mto 
the main branch of the left coronary artery with- 
-out causmg ventricular fibnUation Fig 5 is taken 
from this expenment , the mjection of 0 5 c c of 
salme mto the coronary artery had no effect (at A), 
but 0 1 mg ATP - P slowed the heart rate from 
28 per 10 seconds to 13 per 10 seconds The effect 
of ATP could be obtained with each renewed in- 
jection, but only as long as the vagi were left intact 
A post mortem mjection of Chmese mk through the 
cannula into the coronary showed that it supphed 
practically the whole left heart There must, how- 
ever, have been effective anastomoses \vith other 
coronary branches which kept the muscle supphed 
with blood Some indication of these was obtained 
dunng the expenment by the fact that there was a 
strong back flow of blood whenever the syringe 
attached to the needle was removed after an in- 
jection In later experiments Dawes’s method was 
used in which the coronanes are contmuously sup- 
plied with blood In these experiments also the 
injections of ATP into the coronary circulation 
caused slowmg of the heart, but not after cutting 
the vagi Doses larger than 0 2 mg ATP — P were 
not tned The slowmg produced with the vagi 
intact was often less pronounced than that follow- 
mg the mjection of a similar dose of ATP low 
down into the ascending aorta This difference 
may be due to the fact that only part of the heart 
area from which the reflex is elicited wiU be 
reached when ATP is mjected through the cannula 
tied mto one coronary or that some receptors for 
this reflex are situated in the aortic arch 

Slowmg of the heart by ATP in rabbits and dogs 
— Our results obtained in rabbits are m agreement 
with those of Bielschowsky et al (1946) who found 
that in these animals ATP has a direct cardiac 
depressant action The inject'on of ATP mto the 
left auricle caused pronounced bradycardia v-hich 
was not prevented by cutting the vagi or by atro- 
pine The effect was evident with 0 05 mg 
ATP — P and became stronger with larger doses, 
but on repeated injections the slowing became 
gradually less pronounced 

In dogs the injections of ATP mto the left 
auncle or down to the base of the ascending aorta 
also caused pronounced slowing of the heart, 
which, like that seen m cats, was prevented bv 
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Fio 4 — Carotid blood pres- 
sure of 3 2 kg cat under 
chloralose, thorax open 
Artificial respifation At 
A and C 0 1 mg ATP-P 
iryected into left aunck, 
at C with carotid and ver 
tebral artenes occluded 
At B 0 1 mg ATP-P 
injected into left vertebral 
artery Time in 10 seconds 



/ 


J 7 t c Cl V CiA'Wvwi/vvwV' " w^/ es so 

T 

B 

''''^''"'^'^'^'^^'\^V'AAAAAAAAyvA/\/v.W\AA.'vyuwv> 

T 

^ 1 ^., 1 1 1 


r~ 


Fio 5 — Blood pressure from 

femoral artery of 2 kg cat 
under chloralose. Thoiw 
open Artificial ventfla 
tion Hepann Cannula 
tied mto left coronary 
artery through subclavian 
artery At A injection oi 
0 5 c c saline, at B of 0 1 

mg ATP-P mto coronary 

artery Art blood pi^ 
sure about 60 mm Hg 
Time m 10 seconds. 
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- Fig 6 — Carotid 'blood pres- 
sure of 11 kg dog under 
chloralose Thorax open , 
artificial ventilation At 
A and B injections of 0 2 
mg ATP-P into ascending 
aorta at its base and at C 
and D into nght vertebral 
artery At B carotid and 
vertebral artenes occ- 
luded Time in seconds 


cutting the vagi or by atropine The effect was 
partly reflex, partly central in origin In the experi- 
ment of Fig 6, for instance, 0 2 mg ATP-P 
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Fig 7 — Artenal blood pressure of 8 kg dog under 
chloralose Injections of 0^ mg ATP-P into nght 
carotid artery through cannula m lingual artery (at 
A and B) and into left coronaiy (at C) Between A 
and B mass ligation of nght occipital, internal caro- 
Ud and other small artenes leading to bram, but 
lca\ang sinus ner^ c intact Between B and C thorax 
opened, artificial \cntiIation, hepann, cannula 
tied into left coronary arterv' for perfusion Time 
in seconds 


* — 

injected low down into the ascending aorta pro- 
duced pronounced bradycardia whether the carotid 
and vertebral artenes were left open (at A) or 
clamped (at B) before and during the injection The 
effect therefore cannot be wholly due to stimulation 
of the cardio-inhibitor centre by ATP The partici- 
pation of a central factor, however, was shown 
by the bradycardia obtamed when the same dose 
of ATP was injected into a vertebral artery , the 
slowing of the heart was weaker at C but stronger 
at D than that produced by injections into the left 
auricle at A and B These doses of ATP had 
certainly no direct cardiac depressant action 
since they were ineffective after cutting the vagi 
In another experiment central cardiac inhibition 
was obtamed by injecting 0 2 mg ATP — P into 
the carotid through a cannula in the lingual artery 
whdst the carotid was clamped at its aortic end 
Ligating and cutting the smus nerve did not abolish 
or dimmish the effect, but if, subsequently the 
vessels from the carotid leading to the bram were 
tied ATP became ineffective The reverse pro- 
cedure was adopted m the -experiment shown in 
Fig 7 , the bradycardia became nearly abolished 
after the blood vessels to the brain had been tied, 
although the smus nerve was kept intact This was 
cone between A and B The slight slowing seen 
at B IS probably not due to ATP, since saline injec- 
tions into the carotid artery with its lower end 
occluded produced the same effect The injections 
probablv increased the pressure m the carotid 
arterv for a short period and consequenth stimu- 
lated the pressor receptors 
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Inhibition of the sympathetic is not involved 
jn the reflex slowing of the heart, since the removal 
of the stellate ganglia did not dimmish the effect 
The mechanism of the reflex bradycardia 
api>ears to be similar to that in cats and originates, 
at least to some extent, from the heart itself In a 
few experiments the left coronary artery was per- 
fused and an injection of ATP into it produced 
bradycardia provided the vagi were not cut (Fig 
1C) 

Respiratory changes m cats 

An intravenous mjection of 0 1 to 0 4 mg 
ATP — P produces profound changes m pulmonary 
ventilation There is often immediate cessation of 
movements lasting for 10 to 50 seconds The 
apnoea precedes the fall of arterial blood pressure 
or occurs simultaneously In some expenments 
apnoea was absent , instead there was a period of 
shallow frequent respiratory movements Both 
changes might be the sole effects or they might be 
followed by strong hyperventilation with increased- 





Fig 8 — Record of respiration from four cats A and D 
under chloralose, B and C decerebrate Effect of 
intravenous injections of 0 1 mg (m A and C) and 
02 mg (m B and D) of ATP-P Tune in 10 seconds 
shown on top of the figure for A, B and C and at 
the bottom for D 


/ 

depth and frequency of breathing and sometimes 
incomplete expiration Some of these changes are 
illustrated in Fig 8 at A there is a period of 
apnoea, at D a penod of shallow, frequent breath 
mg in cats under chloralose , at B and C there are 
periods of apnoea followed by strong hyperventila- 
tion, which^ at C occurs with incomplete expira- 
tion , these tracings are from decerebrate cats 
Injections of creatine phosphate (0 6 mg CrP-P), 
adenylic acid (10 mg) or sodium pyrophosphate 
(10 mg) do not produce similar changes in 
pulmonary ventilation 

A complete analysis of the respiratory changes 
has not been carried out The results so far ob- 
tained indicate, however, that several mechanisms 
are mvolved ATP Jhas a direct action on the 
respiratory centre and, in addition, seems to affect 
the centre indirectly by reflexes ongmatmg in the 
lungs, the impulses being carried via the vagi No 
expenments have been performed to find out if it 
affects the centre also viafhe chemoreceptors • 

The initial period of apnoea is brought about, 
partly at least, by a reflex via the vagus , partly it 
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9 — ^Record of respiration from 3 kg 
chloralose At A, B and C mtravenous inj^tion oi 
0 4 mg ATP-P At B both vagi cooled at the necK 
Tune in 10 seconds 
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may result from a central action of ATP C^mg 
the vagi certainly reduces and sometimes even 
abolishes the apnoea A certam caution, however, 
IS necessary in the interpretation of this result, smce 
repeated injections of ATP may cause reduced 
effects on respiration even without cuttmg the vagi 
This argument does not apply to those experiments 
in which,the vagi were cooled and the effect was 
found to be reversible A striking experiment of 
this kind IS illustrated in Fig 9 

Some evidence in favour of the conception that 
the apnoea, as far as it is brought about reflexly, 
IS due to stimulation of afferent fibres in the lungs, 
IS given by an experiment la which the effect on 
respiration of 0 2 mg ATP— P mjected mtraven- 
ously and mto the ascending aorta has been com- 
pared Instead of the mitial apnoea produced by 
the intravenous mjection there is a period of 
irregular breathmg on arterial mjection and, after 
cutting the vagi, the mtravenous injection also pro- 
duced these changes only 

A direct effect of ATP on the respiration centre 
IS assumed from the fact that cuttmg the vagi 
usually did not wholly elimmate the respiratory 
changes and from the effects obtained when ATP 
was mjected mto a vertebral or carotid artery with 
denervated caroUd sinus region TJiese injections 
produced respiratory changes, but they were 
Weaker than those obtained with the same dose of 
ATP mjected intravenously and with intact vagi 

Muscular contractions in cats 

As mentioned earher the experiments on circu- 
lation and respiration with ATP were the outcome 
of an incidental observation i e , widespread mus- 
cular contractions These were obtained regularly 
m decerebrate cats on intravenous injection of 0 2 
to 0 4 mg ATP - P, but in cats under chloralose 
anaesthesia larger amounts of ATP had to be 
injected m order to produce this effect and even 
then it was not obtained regularly or m as pro- 
nounced a form as m decerebrate cats , only the 
latter therefore were used for further analysis 

The contractions consisted of a typical pattern 
After a latency of between 15 to 20 seconds the 
forelegs became maximally extended and extreme 
opisthotonos developed ' Sometimes the hiud legs 
too became strongly extended In several expen- 
ments, particularly when the cat was lying on its 
side with the head elevated, co-ordmated runmng 
movements occurred especially m the forelegs 
Mictuntion, defaecation and strong peristalsis 
sometimes occurred A similar pattern of muscular 
contractions to that obsen’ed ^ter ATP could be 
elicited m the decerebrate cat on occluding the 
\crtcbral arteries with artenal clips , this was 


followed within less than 10 seconds by rigid 
extension of the forelegs and strong opisthotonos 
It appeared possible therefore that anaemia of the 
central nervous system, caused by the fall m 
arterial blood pressure or stoppage of respiration, 
was responsible for the ATP contractions But the 
effect occurred also when the depressor action of 
ATP was gteatly reduced by injectmg the ATP 
mto the left ventncle, after atropine and with arti- 
ficial ventilation Central anaemia may, however 
be a contnbutory factor when ATP is mjected in- 
travenously When mjected mto the left ventncle 
the muscular contractions start after a shorter 
latency than after mtravenous mjections This 
observation excludes also a reflex action of ATP 
ongmatmg m the lungs as the cause for the muscu- 
lar effects They occur also when the vagi nerves 
have been cut In two out of five cats, however, 
the dose of ATP necessary to produce the muscular 
contractions on mtravenous injection had to be 
doubled after the vagi were cut , thus afferent 
impulses m the vagi may perhaps participate to 
some extent m the imtiation of the muscular con- 
tractions Essentially, however, they are the result 
of an action of ATP on the central nervous system 
and therefore easily obtained when ATP is injected 
mto a vertebral artery , when this is done the 
latency is a few seconds only In decerebrate cats 
an action of ATP on supraspinal levels is 
probably the mam cause of the muscular contrac- 
tions, but ATP has a stimulating action also on the 
cervical cord When the spinal cord was tran- 
sected just above or below the origin of the first 
cervical nerve roots the injection of 0 2 to 0 3 mg 
ATP — P into a vertebral artery produced muscular 
contractions but of a pattern different from that 
seen in the decerebrate cat The mam effect was 
on the hmd legs and resembled the pattern of a 
typical scratch reflex on one or both legs Rapidly 
alternating flexion and extension occurred at the 
ankle, the knee and less at the hip In fact some 
flexion at the hip was more or less maintained dur- 
ing these rhythmic movements The effect usually 
started on the side where the ATP was injected and 
if weak the movements occurred only at the ankle 
or at the ankle and knee When the effect was pro- 
nounced the feet of both hind legs were brought 
to the shoulder region and exerted here the typical 
scratchmg movements The effect on the forelegs 
was less pronounced and consisted of fine clonic 
movements and extension, A similar pattern of 
muscular contractions was produced in these cats 
on clamping one or both vertebral artencs The 
contractions produced in these cats, e\en those on 
the hmd hmbs, resulted from an action of ATP on 
the cervical cor<k because no effect or slight muscu- 
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lar contractions only were obser\ed when the same 
dose of ATP was injected into the descending aorta 
or into the central end of the superior mesenteric 
artery wfth the iliac arteries clamped during the in- 
jections With larger doses (over 0 4 mg ATP — P), 
these injections caused muscular contractions but 
after a latency of more than 30 seconds, i e , after 
the ATP had passed the lower body circulation, the 
legs and the left heart The strong congestion of 
the pulmonary artery and the right heart preceding 
these contractions was good evidence that the 
ATP had reached the pulmonary circulation in 
effective concentration 

Discussion 

The symptomatology of ATP when injected in- 
travenously mto cats IS a complex one includmg 
peripheral, reflex^ and central mechanisms 

The profound and steep fall in arterial blood 
pressure is accounted for to a great extent by 
obstruction m the pulmonary circulation leading 
to a dimmutfori in cardiac output Gaddum and 
Holtz (1933) have described the constrictor effect 
of ATP on the pulmonary arteries, but its decisive 
lole for the depressor action of this substance has 
not been recognized According to these authors 
other phosphate compounds show the effect to a 
smaller degree, and in other animals, at least in the 
dog, the pulmonary vessels are less sensitive to 
ATP than m the cat It would be of interest to 
know if m the dog the smooth muscles of the 
hepatic veins show instead a special sensitivity to 
ATP A second direct effect contributing to the 
depressor action of ATP in cats is the vasodilata- 
tion it produces m the systemic circulation There 
IS also the possibility, mentioned before but not yet 
exammed, of vasodilatation brought about by a 
reflex and central action of ATP and inhibiting the 
sympathetic tone A third factor which will accen- 
tuate the depressor action of ATP is a bradycardia 
suflBciently strong to cause reduced cardiac output 
The bradycardia is to some extent only accounted 
for by a central action of ATP, the explanation 
given by McDowall and by Bielchowsky et al 
because it is abolished by cutting the vagi This 
procedure, however, does not exclude the possibility 
of a reflex action of ATP We could m fact show 
that ATP stimulates afferent fibres of the vagus in 
the heart and thus reflexly produces bradycardia 
The effect resembles that produced by veratnn alka- 
loids (Dawes, 1947) In cats under chloralose this re- 
flex mechanism accounts for the whole effect, but 
in decerebrate cats m whfch the centre appears to 
-be particularly sensitive to ATP and in dogs under 
chloralose anaesthesia central actions of ATP con- 


tribute to the bradycardia According to Mc- 
Dowall and to Bielschowsky ct al ATP has in cats 
also a direct depressant^effect on cardiac muscle, 
which IS not abolished after sectiqn of the vagi 
These authors, however, have not excluded the 
possibility that changes resembling those produced 
by a direct cardiac depression mayeasily be simu- 
lated by obstruction in the pulmonary circulation 
with its consequent engorgement of the nght and 
insufficient blood supply to the left heart In those 
experiments in which we injected ATP into the 
left heart and thereby avoided pulmonary obstruc- 
tion no signs of depression of the heart muscle 
were seen The position is different in rabbits in 
which depression of the cardiac muscle pccurs with 
ATP and has been demonstrated in isolated per- 
fused hearts 

The profound changes in respiration produced 
by ATP have, so far as we know, not been de- 
scribed previouslys A more detailed analysis than 
we have performed would be necessary in order to 
evaluate the different mechanisms mvolved in this 
effect As far, however, as the results go, thev 
show that ATP affects the^ respiratory centre' 
directly as well as reflexly, via'impulses in the vagi 
probably originating in the lungs 

The muscular contractions observed on mjec- 
tions of ATP intravenously or into the left heart 
are central effects of ATP They may be accen- 
tuated by the circulatory and respiratory changes 
causing central anaemia, because a similar pattern 
of muscular movements could be obtained on 
occluding the vertebral artenes They may be 
further accentuated by afferent impulses in the 
vagi, because in two cats at least the dose of ATP 
had to be increased after vagotomy in order to 
elicit the muscular contractions This might be 
explained, however, simply by the fact that the 
vagal slowmg of the heart is one of the circulatory 
events which leads to the central anaemia 

Buchthal, Engback, Sten-Knudsen, and Thom- 
asen (1947) were the'first to describe centrally pro- 
duced muscle contractions when ATP was injected 
mto a vertebral artery of a chloralosed cat 
recorded action potentials from the muscles of the 
forelegs and attributed the effect to a stimulation 
of the anterior horn cells in the cervical cord, since 
in their expenments the vertebral arteries were 
occluded at the level of the atlas and injections o 
Indian ink had shown that only the cervical seg- 
ments were stained We feel unable in our^exj^ri 
ments to localize or to confine the stimula ng 
action of ATP to these cells The pattern of mus 
cular movements varied in decerebrate an ^ 
spinal cats, but was the same whether produc y 
ATP or by occlusion of_the vertebral artery^ 
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decerebrate cats a postural pattern was obtained 
similar to that seen when the head irLthese ammals 
IS strongly dorsiflexed i e , extensor spasm of the 
forelegs and opisthotonos Such a ^pattern of 
muscular contractions suggests the possibihty of 
a stimulatmg action of ATP on supraspinal levels 
In spinal cats with the section ]ust below the 
medulla oblongata or even at its lower end the 
pattern of muscular movements produced by ATP 
■ as well as by occlusion of the vertebral arteries 
resembled the scratch reflex If the blood supply 
of the vertebral artery in these ammals were , 
limited to the cervical cord, this would mdicate a 
representation of this reflex pattern in the cervical 
cord It IS mterestmg to note in this connection 
that injections of ATP into the descending aorta 
produced no or scarcely any contractions of the 
skeletal muscles, suggesting a special susceptibility 
of the cervical region of the cord to ATP 

The fall m arterial blood pressure, the reflex 
slowing of the heart, the obstruction m the pul- 
monary circulation, the vasodilatation, the peri- 
stalsis, micturition, vomiting, defaecation, and the 
muscular contractions of spinal and supraspinal 
origin, all this complex symptomatology is one 
which cannot be reproduced by other phosphate 
compounds, although they may have one or 
another action in common with ATP On the 
other hand this symptomatology' is not confined to 
ATP For mstance a stnking similarity is found, 
at least in cats, with the effects produced by serum 
or plasma The toxic actions of serum in cats were 
first examined by Brodie (1900) His records of 
the changes occurring in blood pressure and 
respiration are undistinguishable from the tracings 
we obtained with ATP In cats, serum or plasma 
also produce a pronounced bradycardia, which was 
shown by Brodie to be of reflex origin, the reflex 
accordmg to his analysis bemg imtiated m the 
lungs A re-examination of the effect, however, 
has shown that the heart is to some extent at least 
the site from which the reflex onginates (Dawes 
and Feldberg, 1948) Like ATP, serum produces 
in cats strong contraction of the pulmonary' ves- 
sels and on its intravenous mjection this action 
may lead to the disappearance of the heart 
oscillations on the arterial blood pressure trac- 
ing and IS in fact considered to be the mam 
cause of the fall in pressure (Reid and 
Bick, 1942) Gilding and Nutt (1944) have 
further observ'ed on injection of stored plasma 
into cats peristalsis mictuntion vomiting defae- 
cation, and muscular contractions of a pattern 
similar to that seen \Mth ATP They obtamed 
the contractions onlv in decerebrate and not in 
chloralosed cats but n\c ha\e seen that ATP also 


was much more effective in this respect in a 
decerebrate cat According to Gilding and Nutt 
the contractions are abolished by cutting the vagi 
and would therefore be of reflex origin The con- 
tractions produced by ATP are of central origin - 
however in some experiments section of the vagi 
necessitated a doubling of the dose of ATP in 
order to elicit the effect, and if the dose had not 
been increased the impression might easily have 
been gamed of a -reflex nature of the muscular con- 
tractions The experiments with serum thus need 
re-exammation m the light of these findings 

One might be tempted from such a close simi- 
larity of action to assume that serum and stored 
plasma owe their action to the presence of ATP , 
this, however, is not so , otherwise the “ toxicity ” 
of serum and plasma would no't be confined to cats 
because ATP exerts its actions also in other 
animals Adenylic compounds have been con- 
sidered as the cause of the toxic action of serum 
or plasma According to Zipf (1930), adenylic acid 
IS identical with the “ Fruhgift ” of serum, but 
adenylic acid cannot produce the toxic effects in 
cats All the evidence available suggests in fact 
that the principle which makes serum and plasma 
so toxic for cats is a non-dialysable substance and 
probably a protem of the albumin class (Brodie, 
1900, Reid and Bick, 1942, Gilding and Nutt, 
1944) There is no evidence to suggest that ATP 
IS linked to a protein constituent in serum and that 
m this linkage it would be active in cats but not 
m other animals 

Summary 

1 In cats under chloralose or m decerebrate 
cats the intravenous injection of 0 2 to 0 4 mg 
ATP-P causes {a) a steep fall in arterial blood 
pressure due to constnction of the pulmonary 
vessels, bradycardia, and vasodilatation, and (h) 
profound changes m respiration In decerebrate 
cats these injections, m addition, regularly produce 
muscular contractions and often peristalsis, defae- 
caUon, vomiting, and micturition In cats under 
chloralose anaesthesia ATP produces these addi- 
tional effects only when given in larger doses and 
even then not regularly The complex symptoma- 
tology of ATP cannot, or can in parts only, be 
reproduced bv other phosphates 

2 The effect of ATT on the pulmonary \esscls 
may be so strong that onlv little blood can enter 
the left heart There is consequenth a great re- 
duction in cardiac output, which is to a great extent 
responsible for the steep fall in arterial blood pres- 
jure and which ma\ cause obliteration of the heart 
osailations on the blood pressure traang*; 
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3 ^The strong bradycardia produced by ATP, 
which causes a further reduction in cardiac -out- 
put, results mainly from stimulation of afferent 
vagus fibres m the heart This reflex mechamsm 
accounts wholly for the bradycardia obtained in 
cats oinder chloralose In decerebrate cats as well 

- as in dogs under chloralose a central action of 
ATP contributes to the bradycardia seen after in- 
travenous injections of ATP On the other hand 
in rabbits the bradycardia produced by ATP is a 
penpheral effect 

4 The changes in respiration produced by ATP 
in cats consist of an initial period of cessation of 
respiration or of shallow frequent respiration often 
followed by a period of hyperventilation ATI^ 
affects the respiratory centre directly and mdirectly 
through impulses carried via the vagi and probably 
originating in the lungs 

5 The muscular contractions obtained in 
decerebrate cats on intravenous injections of ATP 
are of central origin and therefore also obtained 
on injection into a vertebral artery They may be 
accentuated, however, by afferent impulses in the 
vagi and by central anaemia as a result of the cir- 


culatory and respiratory effects ' The muscular 
contractions consist in the main of extensor spasm 
of the, forelegs and episthotonos In spinal cats 
with the cervical cord intact, intravenous or intra 
vertebral injections of ATP cause muscular con- 
tractions, particularly m the hmd limbs, of a 
pattern resembling the scratch reflex 

References 

Bielschowskj , M , Green, H N , and Stoner, H B (1040) 
/ Physiol , 104j 239 

Brodie, T G (1900) J Physiol , 26, 48 
Buchthil,r ,Engback, L,,Sten Knudaen, O jandThomasen, 
E (1947) J Physiol , 108, 3P - 
Buchthal, F , and Kahlson, G (1944) Ada physiol stand , 
8, 317 

Da«cs, G S (1947) J Pharmacol , 89, 326 
Dar\cs, G S, and Feldberg, W (1948) J Physiol , 
(in press) 

Druri, A N , and Szent G>6rgia (1029) J Physiol , 88. 
213 312 

Gaddum’, J H (1941) J Physiol , 99, 257 
Gaddum, J H , and Holtz, P (1933) J Physiol , 77, 139 
Gilding, H P and Nutt, JI (1944) J P/ij-siol , 102, 446, 
Gillespie, J H (1934) J Physiol , 80 346 
Lohinann, K (1931) Biochem Z , 237, 446 
McDowall, R J S (1944) Quoted from Bielschon'ski fliil , 
1946 , ^ 

Reid, G, and Bick, M (1942) Aust J exp Biol med 
V Sci , 20^ 33 

Zipf K (1030) -ire/r exp Path , 160, 5/0 


! 



Bni J Pliariijacol (1948), 3 285 


THE MAINTENANCE OF A FILARIAL INFECTION {LITO- 
' MOSOIDES CARINII) FOR CHEMOTHERAPEUTIC 

INVESTIGATIONS 

BY 

FRANK. HAWKING AND PETER SEWELL 
From the National Institute for Medical Research, Hampstead, London, NWS 

(Received April 7 1948) 


The purpose o£ th s paper is to describe the 
maintenance in the laboratory of a filarial infec- 
tion {Litomosoides cbrinii) which is suitable for 
chemotherapeutic and other types of mvestigations 
The strain is kept in cotton rats {Signwdon liispi- 
dus) and with one interruption it has now been 
mamfained in our department for 2 years, during 
which time over 600 rats have been infected as 
shown by the presence of microfilariae in their 
peripheral blood 

History 

Cotton rats began to be used in the United 
States for laboratory experiments about 1940 , 
they were employed particularly m the study of 
viruses and nckettsiae Durmg more recent years 
these animals have been bred on a large scale in 
laboratories both in America and in Bntain Most 
of the rats used m the earlier work were wdd ones 
which had been trapped in certain parts of Florida 
and Texas Many of these wild rats were found 
to contain a filarial worm, Litomosoides carinii, 
which had previously been descnbed in these and 
various other hosts by Travassos (1919), Mazza 
(1928), Chandler (1931), Ochoterena and Caballero 
(1932), Vogel and Gabaldon (1932), Chitwood 
(1933), and Vaz (1934) , these are reviewed by 
Vaz Culbertson and Rose (1944)' showed that 
these spontaneous infections in wild rats were 
very convenient for experiments on the chemo- 
therapy of filariasis, and much work was earned 
out bv these authors (summarized by Culbertson, 
1947) and by many other investigators in America 
holding O S R D contracts The interest thus 
excited led to a determined search for the arthro- 
pod vector Eventually, Williams and Brown 
(1945) showed that the worm developed m the 
tropical rat mite Liponxssits bacon Hirst and trans- 
mission to clean rats was demonstrated bv these 
workers (1946) and by Scott and Cross (1946) 
Descnptions of the morphologv and life c\clc of 


this mite have been given by Hirst (1913, 1914), 
Holdaway (1926), Dove and Shelmire (1931, 1932), 
and others At the end of 1945 Dr R W 
Williams, Dr J A Scotfi and other investigators 
kindly told one of the authors (F H ) their latest 
results and, demonstrated their methods for hand- 
ling cotton rats- Dr Williams and Dr Scott 
kindly provided infected rats and mites which 
were brought back to Britain in February, 1946 
Without their generous co-operation this work 
could not have been started Further supplies of 
mites were kindly provided at a later stage by Dr 
Cuckler, of Minneapolis, and by Prof R M. 
Gordon, of Liverpool The objective of the work 
here descnbed has been the development and prac- 
tice of transmission on a large scale so as to obtain 
a good supply of infected cotton rats for chemo- 
therapeutic investigations , during its progress, 
reports on various aspects of small-scale transmis- 
sion have been published by Williams (1946), Scott 
(1946, 1947), Scott, Stembridge, and Sisley (1947), 
Hawking and Burroughs (1946), Bertram, Uns- 
worth, and Gordon (1946), and Bertram (1946, 
1947) 

Methods 

Tire methods to be descnbed w'cre designed for 
transmitting Litomosoides to the maximum pos- 
sible number of cotton rats with the minimum of 
labour It is fairly easy to transmit this worm in 
the laboratory to a few animals at irregular inter- 
vals , but the maintenance of a constant supply 
of large numbers of infected animals is much more 
difficult, rcquinng constant care and attention to 
numerous small details The chief difficulty is the 
prevention of foreign mites or insects entering the 
tanks which contain Liponyssus and rats, and 
destroying or overgrowing the Liponyssus A 
second difficults is encountered in the maintenance 
of proper conditions of humidiU in the tan! s, so 
that thev are humid enough for the mites to 
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multiply but not so sodden with rat urine that the 
mites are drowned Tfie methods now employed 
have been subjected to repeated modification in 
the light of experience, and perhaps further im- 
provements will still be found possible Since 
success depends to such a large dxtent on the 
observance of small details, our present technique 
will be described rather minutely, after which the 
reasons for the various procedures will be dis- 
cussed 

Description of Present Technique 
The process may be divided into five stages 

(1) The breeding of Liponyssus bacon in pure 
culture 

(2) Infection of the mites with LUomosoides 
from infected rats 

(3) Infection of clean rats from the infected 
mites 

(4) Maintenance of the rats while the worms 

mature ^ / 

(5) Examination of the infected rats 

(I) Breeding of the miles in pure culture 
The pure cultures are kept in the insectary described 
by Hunt and Davey (1947), in which the temperature 
IS kept at approximately 24-26 C and the relative 
humidity at 75 to 85 per cent This room is used 
pnmanly for the maintenance of adult mosquitoes, 
but It IS convenient to use it also for breeding the 
pure cultures of mites as the atmosphenc conditions 
are ideal, the cultures occupy little space and, further- 
more, they are isolated from contamination by foreign 
mites which may occur in the room used for the next 
two stages 

The colonies of mites are maintained in small glass 
jars (1-lb jam jars) measunng approximately 8 by 
13 cm Before use the jars are washed Clean saw- 
dust about 2 cm deep is put m the bottom of each, 
and on top of this a small piece of clean white filter 
paper is placed The top of the jar is covered with 
finest boltmg-silk or parachute nylon, the covering 
being tied round the neck with string The Jars and 
contents are sterilized m the autoclave (preferably 
the drying autoclave) and subsequently left 1-2 days 
m a 37° C incubator (o become thoroughly dry The 
string fastening the silk covenng is now removed frqm 
each jar and replaced by a rubber band Mites (adults 
only) are rerfioved from existing cultures by means of 
a fine camel’s-hair brush (previously cleaned^ by dip- 
\ ping for a few minutes m ether) and floated off on 
to the surface of some clean water to remove any 
adherent matter They are then transferred, again by 
brush, to a sheet of Alter paper^ on which they are 
examined with a lens m order to make sure they are 
really L bacoti and that they have no smaller mites 
crawling on them, as is often the case After exami- 
nation they are transferred to the Alter paper inside 


the jam jars A thin film of dimethylphthalate 
smeared round the lip of a jam >r wilt prevent the 
escape of mites when the silk covenng is removed 
The effects of this repellent do not last more than one 
day, however Each day one, or if possible two, day 
old mice are put into each jam jar , or a day old rat 
can be inserted every second day To prevent con 
lamination of the culture with unwanted species of 
mites which may be carried op the mice, each animal 
is placed m ether for about 10 seconds and then dned 
thoroughly in the air before being put into the jar 
The mouse sjiould be held gently with forceps 
throughout this operation Mites feeding on a baby 
rat are shown m Fig 1 Dead mice are removed daily 
with forceps, adherent mites being shaken from them 
back into the jar Starting with ten mites in one' jar 
It IS possible m this way to breed about five thousand 
mites m a month of which half may be expected to 
reach maturity 

A quicker but less safe method of “ seeding ” indi 
vidual jars with mites is to remove a mouse from a 
jar which is already crowded with mites and to put 
It into the new jar As the mouse will have a number 
of mites feeding on it at any given time, it is ihus 
possible to carry over as many as a hundred miles m 
a single operation However, mites should always be 
handpicked into one or two jars in order to maintain 
the stock culture, since otherwise there is considerable 
danger of contamination with foreign mites 

(2) Infection of the mites with Litomosoides from 
infected rats - - 

This IS carried out in an animal room set aside for 
the purpose The temperature is kept between 27 and 
32° C , It IS never allowed to fall below 24 C, as 
this will prevent L bacoti breeding at the optimal 
rate The relative humidity is maintained at about 
50 per cent or 80 per cent, accordmg to circumstances 
(see below), by means of a bucket of water standing 
over a small electnc fire , the position of the bycket 
relative to the fire is adjusted when required acewd 
ing to the reading of a hygrometer on the wall This 
simple arrangement is quite satisfactory for the present 
purposes The mites (and rats) are kept in rectangu 
lar tanks, measunng 54x50 cm by 26 cm high, an 
made of 20.-gauge galvanized iron sheetmg (Fig 2) 
The joints are brazed and nveted and the top edges o 
the sides are rolled , 4 cm below the top edges, on tne 
outside of each tank, is a honzontal ledge 1 7 cm 
wide with an outer wall 1 3 cm high, forming a 
channel which is normally filled with waste engine oi 
A rectangular wooden ftame, of 3 6 cm depth an 
5 2 cm wide, fits the top of each tank , on the un e 
side there is a groove 1 cm deep to fit aaver the e g 
of the tank, the recess is packed lightly jvith ° 

wool, which IS soaked with liquid paraffin ' 

bolting-silk or parachute nylon is stretched 
frame and stuck down with petroleum jelly, and 
ther secured by nailed laths The joints o 
wooden frame are packed with a plastic i , 

paraffin wax and petro'eum jellv Some metal 
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Fig 3 — Metal tank containing eight clean rats in separate cages for 
exposure to infected mites , the glass sphere on top of each cage is 
a water bottle 



Fig 4 — Room used for storage of rats while infection develops The cages 
are stood in double rows on metal bars, with a tray of sawdust under- 
neath to catch the droppings 
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nrc nUo lived of ^nnllcr dinunsionv m/., ‘>0 cm > 
40 cm h\ cm hirh Tlic wooden ltd of iliccc iv 

10 cm deep, ■‘lo nc to compcnvnlc for the vlnllow- 
ncs< of the fink Ihcvc second links do not hn\c 
an extern il oil gutter ConscqiicntU thc\ must be 
stood on metal tables 12^"^ 00 cm h\ 75 cm litpli 
which ln\c an oil putter 3 cm ^ cm deep round 
the margin so as to prevent the escape of mites into 
the room Tlic tanks provided with in oil putter arc 
also stood on such isolated tables as a pencral ndc 
although thev can aho be stood on in ordinarv table 
cm high Wooden furniture is avoided as fir as 
possible in this room so as to avoid infest ition with 
bedbugs, if a wooden table is used the legs ate 
stood in small basms of oil or Iwol 

Lverv effort is made to ensure tint each unit ttink 
md hdl js proof igainst the entrv of anv small f.atin i 
— eg mites other than L l>oco:i, hcc, flics — which 
can prove dangerous to the life of 7, hacoti Nothing 
IS put into the infceiion tanks which has not prcvi- 
ouslv been sicnhrcd or ihorouclilv cleaned It is 
found useful to cover the hands and vvnsis with insect 
repellent (eg dimeihvlphthalatcl before handling the 
tanls or their contents Before use the tanks arc 
steam stenhred llie lids arc sprayed with xvlcnc to 
fill anv small faun.a that mav be present, they nrc 
placed on the tanks md allowed to drv Sawdust 
stenh/ed in the drv mg autoclave is spread to a depth 
of about 5 cm over the bottom of cich tan! Several 
cotton rats infected with /. cannti and showing micro- 
filari ic m the pcnphcnl blood ire isolated in sep irate 
sttnhzcd wire cages 15 cm long ■" 10 10 cm and 

spraved with xvlene front a sccnt*spra> (Great care 
IS needed m order to avoid killing the rats waih the 
xvlcnc aerosol ) The cages arc supported on clean 
metal rods resting on two opposite sides of a shallow 
tra> containing dilute Ij’sol and the rats arc left 
there until all trace of xylene fumes has disappeared 
The cages, wath enclosed rats, arc llicn placed In the 
tanks containing the sawdust Four thicknesses of 
drv' sterilized blotting-paper arc placed under each 
cage to catch excreta The cage is raised about half 
a centimetre above the blotting-paper by being laid 
across two small slicks so that accumulated faeces 
do not soil the bottom wires of the cage The blotting- 
paper JS changed every two days Usually two in- 
fected rats arc allotted to each tank, but more may 
become desirable if mites arc very numerous Mites 
arc added to the tanl by pouring into it the contents 
of one or more of the jars containing mitc-colonics 
desenbed m the previous section 

Dunng their sojourn in the tanks the rats arc kept 
on a minimum oiet Two to four grammes of cubed 
processed food, previously baked to stcnhzc the sur- 
face, and ten cubic centimetres of water per rat daily 
are suffiaent Partic'es of waste food must not be 
allowed to accumulate, and excess of unne must be 
avoided Since the rats are serving to encourage 
breeding of the mites, as well as to infect them, they 
are left m the tanks for seven days, or until the mites 
are “ swarming ” (not only near the rats, but also over 
the whole of the sawdust), whichever lime is the 
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greater (The mites show great activity if the observer 
breathes on to the sawdust) The rats arc then re- 
moved from the tanks and arc ‘ demited ' passively 
by being left for i two-day period over the tray of 
Ijsol described above 

(t) Infection of dean rat’! front mfictcd miles 

The same tanks arc used as in the previous section 
Within three diys of taking out the infected rats, two 
or three cages measuring 20x28 cm by 10 cm high arc 
placed m the t ink Lach cage contains five young 
female rats which have been freed from foreign mites 
by means of xylene as described above Alternatively 
eight of the small cages containing single rats may be 
inserted (Tig 1) The blotting-paper is changed even' 
day except Sunday to prevent the accumulation of 
urine and f icccs The soiled blotting-paper and the 
faeces lying on it usually contain many mites, in 
order to allow these to fall back on to the cage, the 
paper and its adherent faeces arc stored for one or 
two days on lop of the cages inside the lank before 
they arc throwai awTiy The positions of the cages 
inside the tanks nrc transposed every day so as to 
conipcnsaic for any maldistnbution of mites The 
humidity of the xoom is adjusted according to the 
number of rats present If few arc in the tanks, the 
relative humidity is raised to 80 per cent , if many arc 
present in the tanks, the humidity is allowed to fall 
to 50 per cent in order to encourage the drying of the 
blotting-paper and sawdust A few days after the 
clean rats liavc been inserted, about 30-40 mites may 
be removed from the tank and dissected to look for 
worms This confirms that the mites will become 
infective otherwise the further procedure must be 
modified accordingly 

After fourteen days the clean rats arc removed and 
demited as was desenbed above If the empty tanks 
seem well stocked with mites and free from contami- 
nation by foreign fauna, infected rats are inserted in 
order to infect the mites again, thus re-starting the 
whole cycle Olherwase tlic contents of the tank are 
placed in an incinerator and the tank is cleaned and 
stcnhzcd, after which it wall be available for use as 
at the beginning 

(4) Maintenance of the rats while the worms mature 

After the rats have been removed from the infec- 
tion tanks and demited, they must be stored for about 
fifty days while the worms mature Dunng this wait- 
ing penod, female rats can be kept in cages of five , 
males must be kept in separate small cages (15xl0x 
10 crti ) All cages have wire bottoms They are 
arranged across ihe longitudinal bars of a big metal 
rack (Fig 4) A few centimetres below each row’ of 
cages there are long metal trays to catch the excreta 
The trays contain sawdust and are changed every two 
days The rats are provided with an excess of the 
Institute cubed stock diet for rats and mice, supple- 
mented by green cabbage three times weekly Water 
IS provided in excess in licking-bottles The tempera- 
ture of the room is maintained at approximately 25° C 
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(5) Examination of the infected rats 

Cotton rats are more difficult to handle than ordi- 
nary laboratory rats, since they are easily fnghtened 
and try to bite when gripped , also the skin on the 
tail IS too fragile for them to be lifted up by^this 
means We have found that the most satisfactory 
technique is to approach the rat suddenly from behind 
and grasp it firmly by the scruff of the neck A 
worker with sufficient confidence in himself can do 
this with the bare hand, without nsk of injury , others 
Will require stout leather gloves to give them a feeling 
of safety An alternative technique is to take hold of 
the body by the hand protected by a leather glove so 
that the head projects between the thumb and fore- 
finger The rat twists round to bite the glove near 
the base of the thumb, but with a suitable glove there 
is so much slack leather at this point that the teeth 
do no harm Meanwhile, blood can be easily taken 
from the tail or injections can be made into the 
posterior half of the animal If there is difficulty 
in extracting a rat from a small cage, the rat is emptied 
out into a small dustbin more than 80 cm deep — i e , 
too deep for the rat to jump out In this it can 
usually be grasped easily 

About eight weeks after removal from the infection 
tanks a drop of blood is taken from the tail of each 
rat and smeared on a slide to make a thick film about 
2 sq cm in area These films can be stamed by any 
of the usual techniques for microfilanae We have 
found It rapid and convenient- to dry them, to de- 
haemoglobinize in 1 5 per cent acetic acid, to dry 
again, and to stain with Leishman’s stain 

After exammation each rat is kept in a separate 
small cage Rats which fail to show microfilanae 
three months after removal from the infection tanks 
are considered not to be infected, and they -can be 
exposed to infection once again We have no reason 
to beheve that such rats are protected by a natural 
nmmumty, but the matter requires further investiga- 
tion If the number of infected mites m the tanks is 
high, there should be few failures to infect rats 

Comments on the Technique for Obtaining 
Rats Infected with Litomosoides 

The previous section has described, somewhat 
dogmatically, the technique at present in use 
Various features of this technique may now be 
discussed m more detail, to show the reasons for 
adopting them and our expenence with alterna- 
tive procedures 

(1) Breeding of mites in pure culture 

The technique (described above) for breeding 
mites in jam jars has been m use for a year It 
was started at a time when the mite population 
at our disposal was dangerously low, and the first 
jars contained soil and hay in imitation of the 


lat infection boxes then in use Our whole present 
population is derived from three jars of one dozen 
mites each We have not once had a jar contam 
mated with foreign mites It is considered that 
this technique is more convenient and safer from 
contamination than the Single Umt technique de- 
scribed by Bertram, Unsworth, and Gordon (1946) 
or than methods requiring the isolation of mites 
after every feed 

Some observations on the habits of these ifiites 
are made possible by this technique If the mites 
are well fed, with an excess of hosts (mice) present, 
they will not be seen above the sawdust except 
when actually feeding' Examination of the saw 
dust with a lens will reveal numerous stationary 
adults and highly active unfed protonymphs 
making their way upwards Where the mites have 
insufficient food, however, they run rapidly over the 
inside of the jar, and will congregate on the inner 
side of the silk covering if there are mammals in 
the room As soon as a mouse is put into the jar, 
further large numbers of mites will emerge from 
the sawdust and run rapidly about m the vicinity 
of the mouse They appear to be under the influ 
ence of a simple chemotaxis which causes them to 
move directly towards the source of stimulation, 
until within one or two centimetres of it, when 
they will skirt about for some mmutes before 
arriving at the source itself Once on the mouse, 
young protonymphs will begm to feed almost at 
once The older mites will run over the skin for as 
long as half an hour, before taking up a position 
to feed, usually at an onfice or in a fold of the 
skin Behind the ears, m the groin, in the fold 
of skin between the shoulders, and around the 
mouth and nostnls are the favourite feedmg_ 
places The mites appear to stop runmng when 
they touch a feeding mite, and not infrequent!/ 
start feeding themselves In this way little clusters 
of mites soon form (Fig 1) The older mites do 
not seem to interrupt their feeding as frequently 
as the protonymphs do 

(2) Infection of the mites 'ffoni infected rats 

As was said above, the raamtenance of healthy 
colomes of mites dunng this and the next opera- 
tion depends chiefly on the avoidance of contam- 
ination by other small fauna and the mainten^e 
^of appropriate humidity in the bedding T e 
tanks used were at first uncovered, but contamina- 
tion with foreign mites persistently develops >n 
spite of all precautions to prevent the accumula on 
of waste food and faeces Even with the coven, 
most tanks become contaminated within six 
of setting up When contamination occurs. 
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corUcnls of such tanks should be stcnh/cd as soon 
as the c\clc of operations can be prolitably ternt- 
mated since the population of Ltpoinsuis usualh 
diminishes rapidlv. and the tank acts as a source 
of contamination for other tanl s 
The commonest contaminants arc mites of 
genera other thin Lipon\’:sii\ When silk covers 
for the tanks were not vised, the forage nnte 
1 '^rophat’us raMrllantt Hirst (and prob iblv other 
simiiir species) was most frequently found 
sw irmmg over the fnigmcnts of food dropped by 
the rats, and on the Iickmg-bottlcs rhese mites 
had no appreciable elTcct on the / luuoii 1-css 
ficquenth a large vcllow mite (adults 1 0 to 1 
mm long) Mturorlitlts <ttnnaiu': Koch, would 
appear, and its appe trance alwavs heralded a de- 
crease m the numbers of L baton so that we were 
led to the conclusion th it this mite would cat either 
L baton or its eggs More recently a sm iHcr 
vcllow mite (.adults 0 5 to 1 0 mm long) Ihpnatpii 
frermani, has been a frequent visitor, with similar 
disastrous consequences for L bacon We have 
had little trouble from the Insccta Lice have been 
seen once or twice presumabh feeding on the rats, 
but never in great numbers and never to the detri- 
ment of L bacon A Diptcran Copropbtla 
\apatn Hal (a small black flv superficially resem- 
bling Dracoplnla) troubled us before the silk 
covers were introduced It bred among the rat 
faeces and probablv earned other contaminants 
from one tank to another 
The blotting paper underneath the cages was in- 
troduced in order to catch the urine, faeces, and 
waste food from the rats and to reduce soiling of 
the bedding Pieces of cardboard were first 
employed and were modcratclv satisfactory , but 
they were dilficult to clean and too expensive to 
lenevv cvcr>' two days Metal plates were tried 
but the> collected pools of urine, in which the 
mites drowned so they were quite unsuitable 
Initially the w'asle material from the cages matted 
together in the meshes of the wire floor and 
formed an impervious sheet , this was obviated bv 
inserting a small wooden bar, about 0 5 cm thick, 
between the blotting paper and each end of the 
cage The blotting paper should not project more 
than about 1 cm round each cage, lest it hinder 
passage of the mites between the cage and the 
underlying sawdust Young rats tend to gnaw the 
paper through the floor of the cage, reducing the 
upper surface to a powdery mass , this does little 
harm, apart from the mechanical inconvenience 
The supply of drinking water to the rats has to be 
adjusted so as to prevent the blotting paper becom- 
ing soaked with excess of urine — otherwise con- 
ditions become unfavourable for the mites The 


amount of urine which can be tolerated depends 
on the hiimidil> of the atmosphere, on the number 
and si/e of rats in the cage and on the frequency 
of changing the paper 

The bedding used in these cages originally con- 
sisted of a layci of dr> sterile earth covered with 
sterile hay or straw as described by Williams (1946) 
S.ivvdiist was found to give equally satisfactory 
icsiilts, with the additional advantages of clean- 
liness .md the provision of a good background 
.ip.iinst which mites could be easily seen The rats 
used to infect the mites should contain numerous 
microfilnriae the blood of our donors usually 
contains more than 50 microfilariae per cu mm 
If the mites arc too numerous they may cause 
death of the rats bv cxsanguination , the danger- 
limit can be recognized only by experience When 
It IS approached, the donor rats can be changed 
more donor r.its can be added, or as a last resort 
the number of mites may be reduced by judicious 
vpraving with xylene 

1 he percentage of mites which develop filarial 
infection during our procedure is small Sample 
dissections have been done at various periods after 
exposing rats to the mites for 7-14 days In 716 
mites dissected within 6 days of the last day of 
exposure, 4 3 per cent were infected , of 419 mites 
dissected betw'cen the 7th and 13th days after 
exposure 1 4 per cent w'erc infected, while of 240 
mites dissected 14 or more days after exposure, 
none were found, infected For various reasons, 
these jjcrtentages arc probably lower than the 
actual rates among the mites 

The length of the worms found in these mites 
varied from 60 ju to 800 /t, according to the period 
which had elapsed since the worm was ingested by 
the mite This infection rate of the mites is much 
lower than has been reported by some observers — 
eg, Bertram (1947) speaks of infection rates of 
38 per cent In our colonies the mites which have 
fed on the infected rats arc constantly being diluted 
by young mites which have not so fed All the 
same there are sufficient infected mites in the 
colonies to transmit the parasite readily, and even 
in tanks where 50 or 100 mites were dissected with-^ 
out finding worms 50-100 per cent of the exposed 
rats became infected 

(3) Infection of clean rats from infected mites 

The general problems of this stage are the same 
as those of the preceding stage Greater/ care is 
required to prevent the blotting paper and bedding 
getting too wet The caging of the cotton rats 
during this and the subsequent stage depends on 
their age and sex The rats are most conveniently 
kept in groups of five, since each rat has more 
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freedom and the whole group occupies less space 
than five separate small cages Unfortunately,' 
confined groups of adult male rats or of mixed 
sexes are usually decimated by savage fighting , so 
that when pubescent or mature males are used they 
must be kept in separate small cages (Fig 3) 
Restriction of use to female rats is convement for 
handling, but it is rather wasteful of the breeding 
facilities 

(4) Maintenance of rats while the worms mature 

The chief difficulties encountered durmg this 
phase arise from the number of rats involved and 
the problem of intercurrent mortality If two 
dozen rats are removed from the infection tanks 
weekly and each must be stored eight weeks,' 
accommodation is required for about two hundred 
'rats, many of them m single small cages The 
arrangement described (Fig 4) is the most com- 
pact, most convenient, -and most economical of 
attendant labour that we have yet been able to 
devise At various periods there have been many 
deaths among our rats, sometimes averagmg two 
or three per day, so that a quarter of our rats were 
being lost in this way before the infection matured 
The causes of these deaths could not be satisfac- 
torily determined The distnbution on the ammal 
racks was not suggestive of contagious spread 
Post-mortem -examination of dead rats showed 
reddened mtestmes in some, thrombosis m the left 
auricular appendage of the heart m others, while 
others showed a clear effusion m the pleural cavi- 
ties , intranasal instillation of this effusion into two 
other rats caused no obvious symptoms Histolo- 
gical sections from a few of the rats suggested an 
infection with S typhi-munum Feeding -experi- 
ments showed that growth was improved by adding 
green food to the diet, but otherwise the stock 
cubed diet for rats of the Institute seemed ade- 
quate It was concluded that such sporadic deaths 
were best combated by attention to the general 
hygiene and diet 

(5) Checking the rats for the presence of micro- 
filariae in the peripheral blood 

'Microfilariae do not appear in the tail blood of 
infected rats until 42 days after their removal from 
the mfection tanks (We habitually examine the 
rats for the first time after this period) This 
means a possible maximum of 56 days from the 
first exposure to mfection, and agrees with the con- 
clusions of other workers that 51-54 days is the 
time required for microfilanae to appear With 
light infections the appearance of microfilariae 


may be delayed until the 55th day after removal 
from the infection tanks This may mean that the 
rats were not bitten -by mfected mites until their 
last day in the tanks, or that the number of micro- 
filariae m the blood was too low to show in the 
first blood samples 

With most of our rats counts of microfilariae 
taken between the 40th and 60th days show 
a fairly consistent density of 10 to 15 per cubic 
millimetre of tail blood (about 2 per microscope 
field ( X 60) of 'an average thick smear) , thereafter 
the count increases to between 100 and 300 per 
cubic millimetre at the 100th day, and it remains 
nearly constant after that (so long as the adult 
worms are healthy) 


Adult L Carinii in the Host 

We have never found adult worms m any part 
of the host other than the pleural cavity (and 
occasionally the mediastinum) However, we have 
occasionally failed to find worms in their normal 
location, although the blood of the host was posi 
tive for microfilariae, and so the possibility of 
successful development of the worms outside the 
thorax cannot be excluded 

Healthv worms m a healthy host tend to spread 
thinly over the wall of the pleural cavity, adhering 
by capillanty to the moist surface They are seen 
to wnggle continuously m the dissected host , per- 
haps they are less active if undisturbed If there 
_is fluid m the cavity, the worms sink under the 
influence of gravity and become matted together 
They also become matted if subjected to unfav- 
ourable conditions, e g , if the host is treated with 
antifilanal drugs When killed by drugs the mat of 
worms is soon covered with a fibrous deposit In 
rats which have been infected for more than three 
months we have occasionally found spontaneous 
cures Here, as m the drugged rats, we have found 
the worms matted together and covered with fibrm 
In order to avoid mistaking such spontaneous cures 
for the results of drug action therapeutic tests are 
best performed with newly infected rats 
The worms are best examined in their hving 
state After removal from the pleural cavity the 
worms should be immersed in warm Ringer’s solu- 
tion and put in a 37° C mcubator for half an 
hour At the end of this'^time normal worms^ show 
active motility, particularly m a bnght light They 
are nearly transparent, and most of their internal 
structure- can be made out with care We have 
noticed that after treatment with drugs of vary- 
mg degrees of potency the behaviour and apfiear- 
ance of the worms are modified in a fairly constant 
fashion The weakest effective drugs (or doses) 
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induce vluggt^hntss. wliile stronger ones result in 
reduced iransparcncv of the w orms" tissues When 
the worms arc actually dying as a result of therapy 
tlicy become covered with a thin layer of phago- 
cvlcs, and later with fibrin and they acquire a 
brown coloration Even at tins stage they may 
retain some motility These changes arc best seen 
a week after the courM: of injections has termin- 
ated and they mav be absent in rats killed earlier 
than this 

A modente number of worms in the pleural 
cavils does not induce any gross pathological 
changes If the number is cvccssivc, however, the 
surface of the lung becomes inflamed and purulent 
This mav be duev to penetration of the tissue by 
microfilariae 

Spontaneous death of the worms has never been 
found to occur in less than three months after 
lemoval of the rats from the infection tanks 
When It docs occur, the dead worms arc usually 
found in a dense capsule of fibrin, and thev exhibit 
little or none of their normal structure 

J ranstmsKion of Litomosoidcs to atttmaN other 
than cotton ratv 

In the early descriptions of the worm now called 
L carrnn it was reported m various other small 
rodents, vir , Sctiirus, and ficvpcromvs (Travassos, 
1919), Holadnlus \ulpinus (Mazza, 1928), and 
Ncctoniys squamipcs (\'az, 1934) Accordingly, 
an investigation was made of the possibility of 
using other small rodents as cxpcnmcntal hosts for 
Litomosoidcs in place of the cotton rat Animals 
were exposed to infection by the technique de- 
scribed above and the results arc summanzed in 
Table I A preliminary note on these findings was 
published by Hawking and Burroughs fI946) 

TABLE r 

SUMMARY OF ATTEMRTS TO TRANSMIT LltomOWldeS 
TO ANIMALS OTHER THAN COTTON RATS 


Number of animals 


Species 1 

1 

1 

Exposed 

Wilh worms 
in pleura 

With Mf 
in blood 
or pleura 

Piebald rat 

23 

5 

3 

White mouse 

70 

H 1 

2 

Guinea-pig 

2 

0 1 

0 

Hamster 

3 

3 

1 

(Cricetnsaiiratus) 



Orkney vole 

5 

I 

0 

(Micro t us orcaden-l 




sis) 





T he piebald rats and mice which did become 
infected were consecutive ones out of a senes 
spread over many months , this suggests that if the 
others had been exposed to mites as heavily in- 
fected, they also would have developed worms 
Some of the animals contained up to thirty worms, 
but most of them contained less than ten, both of 
which numbers arc low for cotton rats In piebald 
rats the microfilaria count in the jvcnpheral blood 
rose to 1 ,000-5,000 per c cm , and in two of the rats 
they persisted for more than two and three months 
respectively . the rats were then killed In all the 
.inimals of Table I the infections were much lighter 
than thosL usually found m cotton rats and there 
seemed to be a tendency towards spontaneous cure 
It was concluded that although L canmi will 
obviously develop in quite a variety of rodents (as 
shown by the literature and our own results) none 
of the species studied formed an efficient substitute 
for the cotton rat, which in fact remains the only 
satisf.ictory animal for chemotherapeutic experi- 
ments on this worm 

CiicMOTHnRAPnimc Tests om Infected Ratc 

In designing a chemotherapeutic test considera- 
tion must be given to (1) allowing the drug suffi- 
cient opportunity to show its antifilarial activity 
(if any) , (2) avoiding undue consumption of labor- 
atory time, labour, and material Culbertson and 
Rose (1944b) have shown that the effect of treat- 
ment of L canmi mfections with antimonial com- 
pounds must be judged by examination of the adult 
worms, since the microfilariae of the peripheral 
blood are not afTcctcd by doses which kill the adults 
On the other hand, Hewitt and his colleagues (1947) 
have recently reported that piperazine derivatives 
act mainly on the microfilariae and only to a much 
smaller extent on the adult worms Accordingly, 
examination of both adults and nrucrofilanae is 
necessary in judging the antifilanal action of an 
unknown compound Our preliminary experi- 
ments with ncoslam (Table 11) suggested that treat- 
ment given on SIX successive days was more effec- 
tive than treatment on three days only , but treat- 
ment on twelve or eighteen days (which used much 
more lime, labour, and drug) was not obviously 
more effective than treatment on six days In vie\v 
of these results and of reports by American 
workers, it was decided to utihze a dosage schedule 
of six daily doses The procedure adopted is as 
follows 

When a compound is to be tested, a rough 
estimate is first made of its chronic toxicity for 
mice when given by intrapentoneal injection once 
daily for four successive days Two rmcc are used 
per dose and each dose is approximately twice the 
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TABLE II 

/ ' ' ^ 

SPECIMEN RESULTS OBTAINED IN TESTING COMPOUNDS FOR FILARICIDAL ACTTVITY 


Compound 

Max tolerated 
daily dose for mice 
(chronic toxicity) 
mg per kg 

Treatment of rats 

- 

Dose 

mg per kg 

No of 
doses 

Interval 

(days) 

No of 
rats 

Condition of adult worms* 

Neostam 

(stibamine 

glucoside) 

250 

\ 

40 

40 

80 

80 

130 

130 

130 

130 

160 

250 

260 

260 

6 

18 

6 

12 

3 

3 

6 ' 

12 

3 

6 

2 

1 

1 

1 

1 ' 

1 

2 

1 

/ 

1 

1 

1 

3 

2 

2 

1 

2 

2 

2 

2 

2 

2 

1 

2 

' 

Majonty alive, a few dead 

All ahve 

All ahve 

All ahve 

All alive 

All ahve m one case, all dead in 
the other 

All dead m one, majonty dead 
in the other 

All dead in one, majonty dead 
in the other 

All dead 

All dead 

All dead in one case^ -all active 
m the other 

All dead^ ! 

Pentostam 

2,500 

200 

1 6 

1 

mm 

Females injured, males un 

(sodium 






afiected 

stibogluconate) 


500 

6 ' 

1 


All dead except a few of the males 



1,300 

6 

1 

■■ 

All dead 

Anthiomahne 

100 

45 

6 

1 

2 

Males unafi^ted, females dead 

TryparsamidS 

2,500 

250 

6 

1 

2 

Majonty alive, a few females 







dead 



500 

6 

1 

2 ' 

Males ahve, females dead or 







dying 

Neoarsphenamme 

250 

100 

6 

I 

2 

All dead 

/7-MethyJsuIphonyl 

250 

20-50 

6 

1 

3 

All ahve 

benzamidine 







hydrochloride 


\ 





(V 187) 

1 







* Microfilariae were unaffected In all expenments 


1 

/ 


one below it If the highest dose which has not 
killed any of the mice is x mg per kg , the dose 
used for the therapeutic trial m cotton rats is 0 Ax 
mg per kg , given by intrapentoneal injection for 
SIX successive days , this dosage seldom proves 
toxic for the cotton rats If the compound is 
found to be active, its toxicity can be investigated 
more- closely Infected rats are taken and a rough 
estimation is made of the number of microfilariae 
m the blood by counting the larvae m several 
tvpical microscope fields of a thick blood film The 
rats are then treated by intrapentoneal injection 
' given once daily on six successive days Gotton 
rats infected with L caijnii do not tolerate the in- 


traperitoneal injection of drug quite so well as 
healthy rats do Also cotton rats are more suscep- 
tible than other laboratory ammals to sepsis and 
bacterial infections during this procedure All 
drugs should be dissolved in sterile fluid, and kept 
in sterile contamers Syrmges and needles should 
be sterilized before use, and the site of the injec 
tion Should be well cleaned with cotton-wool 
soaked in ether or in dilute alcohohe iodine solu ^ 
tion before performing the injection 

Six days after the last dose the blood is examined 
again for microfilariae, the rat is killed, its thorax 
is opened, and the worms found m the 
cavity are removed and examined If their 
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moulitv IS not obvioiK thc% ate suvrcmicd .n 
Rinccrs ‘•olulton and "armed to ’/ f . "JikIi 
often stimulates them to motilits Often '% nns-- 
of womts IS found and it mis he ncscss.nv to 
e\aminc them under a nnuoscorc m otdet to 
estimate the proportion of li'inf and dr id one 
After cfTcclisc fihncidal tirainicnt. cp, hupc 
doses of antimomals the wotms ueuMtdh lonnd 
embedded in fibrin forminp Mndl compact "hitc 
masses The micrafilinac me muih more re i 
lant to treatment ib\ eompvnirds othci tn >n 
piperazines) than the adult worms me md when 
the adults have been hilled bv annmom ds mnu 
active microfilanac cm be found m the p'em d 
fluid of the rat . livinp imcrolil ni ic iho prtM t m 
the peripheral blood, wbere we hivc toimd them 
in graduallv dimintshinp numbers foi more ilnn 
three months (as described bv ( idbctiMm md 
Rose 1944bl 

Esamples of some of the thctapentie tests aic 
reproduced in TiMc II As reported bv otliei 
observers .adult worms cm be filled bv sim dMe 
doses of aniimoni ds (c p nnwi un, prnto'.i on or 
anihiomalinc) and of aiscnieils le^ ti pov 
amide) Idle miles iisiulh 'cem more res’si ni 
than the females Ilic mictofil ui ic oe tin itlcstcd 
bv these tvpcs of compound Mt"! of the sub 
stmccs cvamincd to date hive iinfoiiim iteK been 
inactive eg V 


Disci S.S 10 S 

In 1940 one of the unhors ill ‘Wkiti}') deM.jd ed 
unsuccessful therapeutic invcstij’Uions on pitants 
with filanasis in East Afnc i md poinltd om ih it 
although a chcmolhcrapciilic itmcdv for filari isis 
would evcntualK be found, the tcsimp of torn 
pounds directly on human hemgs w is iinlikch to 
produce the desired solution on tccounl of th. 
many diiTicultics and hmiiiiions mlurmt in such 
work , in order to be able to see! such a remedv 
with good prospects of success u was luxtssiiv 
first to obtain “ an animal carrying a ftlari d mfex- 
tation suitable for laboratory e\penmcnt , thus the 
animal must be small and cheap and iht 
problem of transmitting the infestation, presum- 
ably by insect vector, must also be solved ” I he 
infestation of cotton rats with lA(ovuisoult'\ 
described above, seems to fulfil the conditions then 
laid down, and the prophecy then made that when 
this postulated experimental animal was available 
“the discovery of a potent filaricidal substance 
would be only a matter of time ’’ is apparently' in 
the process of fulfilment by the piperazine deriva- 
tives reported by Hew'itt and his colleagues (1947) 
The filarial infections hitherto available m the 
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for the pTiotography , and to Miss P Davey and 
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SUPPLEMENTARY NOTE 


Since this text was written the following modifica- 
tion of technique has been introduced Blocks of 
plaster-of-Paris 2 0-2 5 cm thick are used to absorb 
unne and collect faeces in the infecbng tanks , they 
take the place of the blotung-paper mentioned on 
p 289 Each block is of such a size as to accommodate 
four small cages or one large cage with 1-2 cm over- 
lap Faeces are penodicaUy scraped off each block 
into a perforated zme tray which hangs from the side 
of the tank , mites, which are usually plentiful'in the 


faeces, can then return to the sawdust Between 
penods of service m the tanks, which may be of up 
to two months’ duration, the plaster blocks are 
steeped in water and then dned, when they are. ready 
for use 

An important paper (Wilhams, JR W , 1948, / 
Parasti , 34, 24) entitled “ Studies on the life eycle 
of Lttomosoides cannii ” appeared early this year, too 
late to be discussed in the text 
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PHENYLTHIOURETHANES AS LOCAL ANAESTHETICS 

m- 

VAO-ISCNG HUANG. YUA\T,N Yirjl * AND 1 CHANG 

Fnwt the Ifnttwtc ofChenmin -Ircferufa Hinkfl. .Jm/ the Drrnrtmrnt of Vlwrnwrohps. Noiioiwl 

Meiiicol Colkf c of ShonpUtil 'ihonphni China 

tKrcfUfU Ma» < 


Huang Lu. and CInng (1946) fviund tiia» the 
hvdrochlondcs of -^ym bi<(dicth\I.innno)/wpiop\l 
phtnylurcihanc and <i\Tn dipipcndino-iwpropsl 
phcnUurcihmc cxlnbUcd marked loc.il an.ic-;- 
thclic potency .and rcbti\cl> low toxicity In \icw 
of these results and the simihnty between the 
chemical behaviour of owpen and sulphur, the 
hydrochlorides of two new phcnylthioureth inc< 
VIZ dicthvlaminocthvl phcnyUhiourclhanc (SD) 
and syan dipipcndino-iropropyl phcnyllhio- 
urclhanc (SPP). have been prepared and tested 
for toMcitv and local anaesthetic activity lltc 
formulae of these two compounds arc given 
below 

(SD) C,H.NH CS OCH CH,N(C.H,),.HC1 
(SPP) C.HvNHCSOCH(CH.NC H..) 2HCI 

Ekpcrimcntal 

Dicthylammoahyl phenylihiotircthane h\dro~ 
chloride was made by allovving sodium diethylammo- 
cthoxidc (prepared from dicthylaminocthanol (2 35 g) 
and powdered sodium (0 45 g) in xylene (6 cc) on a 
steam-bath) to stand overnight with phenyl irothio- 
cyanatc (3 g.) The product was acidified and the 
xylene removed in ether The free base was an oil, 
but the hydrochloride crystallized from ethanol-ether , 
m p 121-122° C , yield, 4 3 g (Found C, 54 0 , 

H, 7 4 , N. 10 0 C„H,.OSN Cl requires C, 54 0 
H, 7 3 , N, 9 7 per cent ) 

Sym dipipendiiio-isopropvl phcnyltluoiircthane vvas 
prepared similarly from dipipcndino-uopropanol and 
phenyl (sothiocyanate The free base crystallized from 
90 per cent alcohol, mp 125-126° C (Found 
C, 66 6, H, 86, N, 117 Cj,H„OSN, requires 
C, 66 5 , IT 8 7 , N, 116 per cent.) The hydrochloride 
crystallized w'hen the free base w'as dissolved in wairm 
3N hydrochlonc acid , needles, turning red at 200°, 
mp 235-236° C (Found N, 10 0 C..H„OSN,Cl, 
requires N, 9 7 per cent ) 

Toxicity and anaesthetic potency 
The experimental methods used were similar to 
those desenbed previously (Huang et at , 1946) except 
that guinea-pigs were used mstead of human subjects 
for the intradermal weal tests The results are 
collected m the Table It will be seen that SD was 
about two-third s as toxic as cocaine and SPP about 

• Present address National Hslang-Yn Medical Colleae 
Changsha China 
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‘ Amcsihctjc potency (effi- 
LDSOin cicncy ntio. average of 7 
mice experiments) 

r» ^ - ■■ - -■ - ■■ 


Dnig ^ 

1 

i 

(Karbers . 
method) 1 
mg 'kg J 

1 

Rabbit s ! 
cornea ] 

Intradermal 
[ weal 

(guinca-pig) 

SD i 

165 (50) t ‘ 

2-3 j 

1 2 

SPP 

97 (50)t * 

5 1 

1 13 

Cociunc 1 

102(50)1 1 

1 1 

— 

Procaine j 

1 

” 1 

I 


! Totfil ni)mN*r of 


cqu.tl in loxicUy to cocaine SD vvis about two thirds 
•and SPP about five times as potent as cocaine when 
tested on the mbbit cornea When compared with 
procaine by the intnUcrmal weal method, SD and SPP 
were about two and thirteen times as potent 
respectively 

The practical snluc of a local anaesthetic depends 
among other things upon its being non-imtanl and 
stable to stcnlization by heat It was observ'cd that 
both SD and SPP produced congestion of the con- 
junctiva in the nibbii's cornea tests and necrosis of the 
skin in the intradermal weal tests in concentrations at 
which local anaesthesia was achieved 

SVhen solutions of SPP and SD were sterilized at 
100* C for one hour, the anaesthetic activity of the 
former was completely lost but that of the latter 
remained unchanged 

Summary 

y 

The hydrochlorides of diethylRminocthyl 
phcnylthiourethane and sym dipipendino-uo- 
propyl phenylthiourethanc have been synthesized 
Both exhibited marked local anaesthetic activity 
in the rabbit cornea and intradermal weal (guinea- 
pig) tests, but they arc regarded as unsuitable for 
chnical application because they were found to 
be irritant They had toxicities in mice of the 
same order as cocaine 

Reference 

Huang, Y -T , Lu, M -C , and Chang, I (1946) Brii T 
Pharmacol , 1, 273 
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CURARE-LIKE ACTION OF POLYMETHYLENE 
BIS-QUATERNARY AMMONIUM ^ SALTS 

BV 

R B BARLOW AND H R ING 
From the Department of Pharmacology, Oxford 

(Received May 11 1948) 


Tubocurarine chlonde was shown by King 
(1935, 1936) to be a bis-tetrahydroiioquinolimum 
salt containing two quaternary nitrogen atoms The 
curare-like blocking of neuromuscular transmis- 
sion IS a- property of “ onium cations ” in general, 
and it was thought that the exceptional potency 
of tubocurarine compared with simple quaternary 
ammonium ions might be due in part to the 
presence of two such catiomc groups at some 
optimal distance apart in the same molecule With 
this in mind we ha\e prepared and tested for 
curare-Iike activity a number of simple bis- 
quatemary ammonium salts in which the mtro- 
gen atoms were directly attached to the terminal 
carbon atoms of polymethylene chams of different 
lengths Such salts may be convemently referred 
to as ‘ bis-onium salts ” , they were all polymethy- 
lene bis-onium dibromides of the general type 

r\ V'l 

Br-( — N— (CH.)„— N— kBr 

1/ ‘ \J 

Few compounds of this type have been examined 
previously , Bneger (1886) observed that tetra- 
methylene bis-tnmethylammomura hydroxide had 
some curare-like achon m mtact animals, and 
Ackermann (1921) made sinular obseri'ations with 
the analogous ethylene and pentamethylene bis- 
trimethvlammonium aunchlondes 

The following salts have been investigated 

1 Bis-tnmethylammomum dibromides, 
Br{Me 3 N(CH;)nNMe 3 }Br, where rt was 2, 3, 4, 5, 
7, 8, 9, 10, 11, 12, and 13 They are referred to 
as BTM followed by the number (it) of methylene 
groups in the chain, thus tnmethylene bis-tn- 
methjlammomum dibromide is referred to as 
BTM3 

2 Bis-tnethylammomum dibromides, 
BrlEtjNfCHO.NEtjjBr, where ;/ was 2, 3, 4, 5, 
7, 8, 9, 10, and 13 They are referred to as BTEn 


3 Bis-strychmmum dibromide, 
Br{CiiHs.O,N;(CHi),C-iH;iOjN.}Br, where n was 
2, 3, and 5 They are referred to as BSn 

4 Bis-qumolmium dibromides, 
Br{CBH-N(CH;)„C,H-N}Br, where n was 3, 5, ' 
and 10 They are referred to as BQn 

5 Bis-(phenyldimethylammomum) dibromides, 
Br{PhMeiN(CHt)„NMe 3 Ph}Br, where it was 3 and 
5 They are referred to as BPDMn 

The followmg abbreviations will also be used 
TM for tetramethylammomum iodide and TE for 
tetra-ethylammomum iodide 

-A bnef note on some of the results with theie 
bis-omum salts has already appeared (Barlow and 
Ing, 1948) - 

Method 

The choice of a method for companng the curare 
like activity of numerous compounds is a matter of 
some difficult) t older methods- have been rewewed- 
by Ing (1936) Recently two methods hate been 
devised for assaymg tubocuranne solutions Holadaj 
(quoted by Bennett, 1941) developed the rabbit hoad 
drop method and Chou (1947) used the isolatM 
phrenic nerve-diaphragm preparation of the rat \\e 
have tned to adapt Chou s method to the comparison 
of the curare-like activities of our bis-omum salts 
Initial!) the apparatus and procedure were evactlv the 
same as those used b> Chou, except that the bath 
was smaller (50 ml instead of 100 ml) The con 
denser discharge stimub used by Chou .were of about 
10(7 duration and as there was a tendenc) for the ner^ 
to discharge more than once they were later replaced 
bj square wave stimuli of about 0 Icr duration t 
vvas also observed duiing the course of the work tha 
the diaphragm preparation is veiy' sensitive to sma 
changes of' temperature and careful control of c 
bath temperature is necessaiy 

Chou allowed his tubocuranne chlonde solution 
to act for Three minutes we retained this feature o 
the method because if the drug is allowed to pr u 
Its full effect so much time is occupied bv the poisonin. 
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active as TM (Ing and Wnght, 1931) In the BTM 
senes the least active contain polymethylene chams 
of 3, 4, and 5 carbon atoms (the hexamethylene 
member was not prepared) , members with poly- 
methylene chains of 7 to 13 carbon atoms are all 
much more active However, it is doubtful whether 
it IS legitimate to compare activities on a rat pre- 
paration with' those on frog preparations 

In the rabbit head-drop test the members of this 
series displayed entirely different orders of activity , 
as will be seen m Table 11 activity rose to a pro- 
nounced maximum for BTM 10,' which was some 
three times as potent, weight for weight, as 
tf-tubocuranne chlonde and about 10 times as 
active as the salts with 8, 11, 12, and 13 carbon 
atoms in the polymethylene cham Only BTM9 
approached BTMIO m activity, being about a third 
as active 

TABLE U 

COMPARISON OF BTM SERIES WITH TUBOCURARINE 


curarme chlonde* on the isolated frog’s sartorius 
(R esculentd), we found that the chloride was hot 
more active than TM on the rat diaphragm The 
rat diaphragm is mbre sensitive to TM_than the 
frog’s sartorius thus, 0 25 mM solutions of TM 
produced 50 per cent inhibition m 3 min , 
whereas Ing and Wnght (1931, Fig 1) found that 
2 0"miVf solutions were required to produce a 
suTular mhibition of the isolated _ frog’s Sartonus 
m a similar time At the same time TM is -much 
less potent than tubocuranne on the rat diaphragm 
BS2 was more than twice as active as methyl- _ 
strychnimum chlonde on the rat diaphragm (com 
pare BTM2 and TM), but BS3 and BS5 were not 
significantly less active than BS2, a result which 
contrasts strongly' with the feeble activities of the 
correspondmg members of the BTM series All 
bis-strychnmium salts produced augmentation of 
the contractions of the rfft diaphragm before 
inhibition 


CHLORIDE IN RABBIT HEAD-DROP TEST 



Mean 

- 

1 

Salt 

head-drop 

No of 

Relative 

dose ± S E 

rabbits 

potency 


/ig/kg 


i 

Tubocuranne chlonde 

261 ± 14 - 

5 

1 

BTM8 

808 ± 52 

2 

03 

„ 9 

290 ±27 

4 

09 

„ 10 

78 ±20 

1 6 

33 

.,11 

657 ± 107 

2 

04 

„ 12 

783 ± 81 

2 

03 

.,13 

857 ± 43 

2 

03 


Bis-triethylammonnim (BTE) senes — ^The be- 
haviour of members of this series had some 
resemblance to that of alkyltriethylammomum 
salts on frog muscle Kulz (1922) recorded a steady 
increase of activity in the senes Et,N C„Ha„+i 
from n=2 to n = 8, and we have observed (on the 
rat diaphragm) a steady nse in activity from BTE4 
to BTE13 The latter was about a hundred times 
as active as BTE4 and somewhat more active than 
BTM9 In the rabbit head-drop test BTE13, 
though the most active of the senes ~on the rat 
diaphragm, was less active than BTM9 and about 
two-fifths as active as tubocurarme BTE2 and 
BTE3 were only feebly active , BTE2 resembled 
TE in augmenting the response of the muscle to 
stimuli which had previously given maximal 
contracbons (see below) 

Bis-strychmnium (BS) series — ^The rat dia- 
phragm IS less sensitive to methylstrychninium 
salts than the frog’s sartonus , thus, whereas 
Cowan and Ing (1934) found that methyl- 
strychninium iodide was as active as tubo- 


Bis-qumohnntm (BQ) series — BQ3 and BQ5, 
unlike the correspondmg members of the BTM 
series, show moderate activity BQIO was much 
less active than was expected , it was only about 
as active as BQ5, but it had a powerful augmenting 
effect on the muscle contractions, which must com- 
pete with the inhibitory effect 

Bis (phenyldimethylammomiim) (BPDM) senes 
— Only two, BPDM3 and BPDM5, were prepared 
and tested, and, hke the corresponding BQ com- 
pounds, they were both moderately active 


Augmentation effect — It has already been noted 
that some bis-omum salts increased the size of the 
contractions of the rat diaphragm to maximal 
stimuh With some salts, e g , BTE2, this was the 
mam effect and mhibibon o^y occurred after a 
lapse of time much longer than 3 mm , with 
most salts the augmentation was only observed 
m some preparations In the BTE series, apart 
from BTE2, which mvanably showed it, the aug- 
mentor effect was observed from time to tune with 


the other members except BTE13 , it was less 
iquently observed m the BTM senes Some 
eparabons appeared to be much more sensitive 
this augmentation (or possibly much less sensi 
e to the inhibitory effect) than others, and this 
nabihty m the response 'of preparations to these 
o opposing effects was probably the mam reason 
r the difficulty m obtaining consistent estimate 
relative acbvities , moreover, there was rarely 
clear differentiation between concentrabons 
uch produced mamly augmentation and those 

■ The jpedrami used were Kln^s 
Dridc at that time recenUy isolated and ^hm i 
orphous alkaloid from tubocurare, they were wTongly rcterre 
cuninnfc chlorides 
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optimal distance apart, we should expect high 
curare-hke activity to occur with bis-omum ions 
capable of a similar separation of the two nitrogen 
atoms , such separation would probably involve a 
chain of at least 8 atoms It is noteworthy that of 
the highly active bis-omum salts of types II and 
III studied by Bovet et al (1946, 1947) the most 
active have 8 to 12 atoms between the two mtrogen 
atoms ^ 

A reason may also be tentatively suggested for 
the occurrence of high activity in compounds con- ^ 
tainmg two quaternary mtrogen atoms if, m virtue 
of the distance between them, both charged centres 
are held by the “ receptive substance,” simultaneous 
dissociation of both centres from the receptors will 
be highly improbable and, so long as one centre 
IS held, the re-attachment of the second is made 
more proha.h\e owing to the proximit}’ o[ the too 
to the receptive substance 

Our results with the BTM series indicate that the 
sensitivity of the rat diaphragm to bis-omum salts 
differs greatly from that of the rabbit We also 
observed that the rat diaphragm was less sensitive 
to methylstrychnimum and more sensitive to TM 
than the frog’s sartonus {R esciilenta) Baton and 
Zaimis (1948) have noted that, compared with 
tubocuranne, BTM8 is some nine times as active 
m the cat as m the rabbit, and Brown and Dias 
(1948) have reported a striking difference in the 
sensitivities of Leptodactylus ocellatiis and Rana 
temporana to tubocuranne chlonde These dif- 
ferences in species sensitivity suggest that synthetic 
curare-hkepdrugs ought to be tested on a vanety,of 
species 

The inhibition of cholinesterases by some of our 
bis-omum salts was unexpected and the specificity 
of this effect would probably repay further investi- 
gation There is a rough correlation between the 
intensity of this effect and that of the augmentor 
effect in the rat diaphragm, but other possible 
explanations of the latter effect have not been 
explored 

Chemical Section 

The bis onium dibromides were prepared by heat- 
ing polymethylene dibromides in ethanol with a large 
excess of the requisite tertiary base for from 5 to 24 
hours In the BTM senes 33 per cent (w/v) aqueous 
tnmethylamine was used a pressure bottle whs un- 
necessary 

Ethylene bis-omum dibromides were less easily 
prepared BQ2 and BPDM2 could not be isolated 
The product of heating ethjlene dibromide wth strych- 
nine in ethanol is broitioetlf^l-str^clininiiim bromide 
(Found N, 5 62 C-3H.,0 N-Br- requires N, 5 38%) 

BS2 was prepared by heating this half-way product 
with excess strjchnine at 180° C for 7 hours in 


glycerol as solvent , the glycerol was removed, after 
acetylauon, as tnacetm by ether extraction , excess 
strychnme was extracted with chloroform , yield 
almost theoretical — 

Condensations of polymethylene dibromides with 
qumoline and dimethylamlme give red and blue by- 
products respectively The formation of red products 
with quinoline may be partly, and of blue products 
with dimethylamlme completely, suppressed by carry- 
ing out the reaction m an inert atmosphere (N, or 
COj) , coloured products are best purified by pounng 
the reaction solution through a charcoal column 
Bis-onium dibromides are white crystalline solids 
They are often both hydrated and hygroscopic , their 
analysis has presented some difficulty Some salts 
could not be dned to a constant water content and the 
anhydrous salts were too hygroscopic for successful 
analysis , it was necessary to analyse the hydrated salt 
and use the experimentally determined water content 
in caJcuIating the theoretical carbon and hydrogen 
figures When an attempt was made to analyse 
some anhydrous salts, in particular BTEll and BTE13, 
the specimens absorbed appreciable amounts of water 
between weighing and combustion , this can be 
detected by the high value for hydrogen and the low 
value for carbon, and if the excess hydrogen is 
assumed to be denved from water a ‘ corrected ' 
value for carbon can be obtained 

Analyses are by Drs Weiler and Strauss Ml m p s^ 
are uncorrected 

Ethylene bis-tnmethylammomim dibromide BTM2 
Crystallized from ethanol No m p below 280° 
Found C, 31 5 , H, 7 9 " CgH. RBr^ required 
C, 314, H, 7 2% - 

Trimethvlene bis-trimethylammonium dibromide BTM3 
Crystallized from ethanol Loses water above 105° 
but does not melt below 250° Roth (1881) does not 
record amp 

Found C, 32 5 , H, 7 87 Calculated for 

C,Hj,N.Br„m,0 C, 32 0, H. 7 70% 

Tetramethylene bis-tnmethylammoniiim dibromide BTM4 
Crystallized from ethanol Loses water below 1 10° but 
does not melt below 305° v Braun and Lemke (1922) 
recorded m p 295° (dec ) ^ 

Found C, 32 7 , H, 7 80 Calculated for 

C,oH .N.Br ,2H.O C, 32 4, H 8 11% 
Pentamethylene bis-trimethylammomum dibromide BTM5 
Crystallized from ethanol No m p below 280° 

Found C, 37 2 , H, 7 83 , C„H„N.Br. requires 
C, 37 6 , H, 8 04% 

Heptametliylene bis-trimeth} lammoniiim dibromide 
BTM7 

Crystalhzed from ethanol and ether m p 113° 

Found C, 38 3 , H, 8 44 , HjO, 7 86 CnH„N Br , 

1 8H,0 requires C, 38 3 , H, 8 70 , HiO 7 86% 
Octamethvlene bis-trimcthvlammoniiim dibromide 

BTM8 - ' ' u 170° 

Crystallized from ethanol Loses water above 

but does not melt below 280’ 
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Summary 

(1) The following senes of polynribthylene bis- 
quaternary ammonium dibromides have been pre- 
pared and tested for curare-like acbvity-on the 
phrenic nerve-diaphragm preparabon of the rat 
(n= number of carbon atoms m the polymethylene 

- cham) — bis-tnmethylammonium series, u=2, 3, 4, 
5, 7, 8, 9, 10, 11, 12, and 13 , ^bis-tnethyl- 
ammonium senes, n=2, 3, 4, 5, 7, 8, 9, 10, and 13 , 
bis-strychnmium series, 7i=2, 3, and 5 , bis-qumo- 
Imium senes, n = 3, 5, and 10 , bis-(phenyldimethyl- 
ammomum) series, n—3 and 5 

(2) In the bis-tnmethyl series, the salt with n=2 
is about twice as active as tetramefhylammomum 
iodide, salts with m = 3, 4, or 5 are only feebly 
active , activity increases from ii = 7 to u = 9 , salts 
with 71=9, 10, 11, and 12 are aU about 5-6 toes 

' as acbve as tetramethylammomum 

(3) In the bis-triethyl senes, salts with 71 =2 or 3 
are relatively inactive , activity mcreases from 71=4 
to 71 = 13, the last member bemg somewhat more 
active than the bis-tnmethyl member in which 
71=9 

(4) None of the members of the other three senes 
was so active as the most active members of the 
bis-tnmethyl senes 

(5) In the rabbit head-drop test the bis-tnmethyl 
member with 71 =9 was nearly as active as tubo- 
curanne chloride, the member with 7i=10 was 
about three times as active The bis-tnethyl 
member with 71 = 13 was about two-fifths as active 
as tubocuranne chlonde 

(6) Some bis-onium salts, parbcularly bis-tnethyl- 
ammonium, bis-strychninium, and bis-quinolinium. 


augment the response- of the rat diaphragm to 
maximal stouh and inhibit the cholinesterase of 
caudate nucleus (dog)' 


Our thanks are due to Dr< N K Dutta, who earned 
out the rabbit head-drop tests 


This worjv was completed dunng the tenure of a 
grant from the Medical Research Council held by 
R B B 
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THE ANTIBACTERIAL ACTIVITY OF SOME SYNTHETIC 
COMPOUNDS RELATED TO PENICILLIN 
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Concurrently with attempts to synthesize 
penicillin, the chemistrv' and synthesis o£ which 
have been described by du Vigneaud Carpenter, 
Holley Livermore, ana Rachele (1946) the anti- 
bacterial activity' of compounds, or derivatives of 
compounds, known or postulated as parts of the 
pemciUm. molecule, has also been investigated 
The compounds examined here may be con- 
vemently classified mto groups based on penicilla- 
mines (I) (Copp and Wilkinson, 1947a Duffin and 
Wilkinson, 1947a, b , Wilkinson 1947a) , thiazoli- 
dine-4-carbo\ylic acids (11) (Wilkinson 1947b) , 
oxazolones (III) (Copp and Wilkinson 1947b c) 
derivatives of glycine (IV), and a miscellaneous 
group of intermediate and. associated compounds 
(Copp, 1947) (included in Table II) 
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Results and Discussion 

The antibacterial activity of the compounds, 
added ascpticaUy to nutrient broth, was estimated 
by exposing falling concentrations of the com- 
pounds, in powers of two, to a constant inoculum 
of Sir pyogenes, CN 10 The results (Tables 1 
and II) show that all compounds possess poor anti- 
bacterial activity in vitro when compared w'lth 
penicillin (1,660 units per mg) Those penicilla- 
mine esters (Table I) which possessed antibacterial 
activity were inactivated, partially or completely, 
by the presence of 10 per cent of blood or serum 
The activity was not reversed by penicillinase and 
the morphological changes seen with pemcillin 
were not observed 

The compounds marked T (Tables I and 11) 
were examined for acute toxicity and for thera- 
peutic activity in mice infected mth'Str pyogenes, 
CN 10 All active compounds showed signs of 
toxicity within the range of 1-20 mg per 20 g 
mouse (0 5-1 0 g per kg ), and no compound was 
chemotherapeutic Loss of antibacterial activity 
of the esters m the presence of blood and serum 
suggested that the absence of chemotherapeutic 
action might possibly be due to hydrolysis The 


R«earch. O S R D , Washini-ton and the 
Medical Ri^arch Council London Nature, 1945, 166, 766. and 
^/ence 1945 102 627 The Editonal Board, Monograph on the 
Chemistry of Penicillin, Science, 1947, 1Q5, 653 K P n me 
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TABLE I 

The antibactenal activity of a senes of compounds expressed as units of penicillin per mg The organism 
IS Streptococcus pyogenes, CN 10 PeniciUm contains I 660 u/mg Compounds marked T were examined 

for toxicity and chemotherapeutic action 


Compounds 

18 hrs 

In vitro actm 
umts of pen 

' 48 hrs 

ty expressed a 
icillin p^er mg 

+ 10% 
blood 

s 

1 +10% 
semm 

I Penicillamines 






S-Ethyl-cysteme 


1/128 

<1/128 



S-Ethyl-cysteme methyl ester 

T 

<1/128 

<1/128 



Cystine n-butyl ester dihydrochlonde 


2 

2 



dZ-PemciUamine 

T 

<1/8 

<1/8 



/-Pemcdlamine 


<1/512 

<1/256 



o'-PenicilIamme 


<1/512 

<i 1/256 



<//-PenicilIamme hydrochloride 

T 

<1/8 

<1/8 



d/'Penicillamine methyl ester hydrochlondc 


<1/8 

<1/8 



(ff-Pemallamine ethyl ester hydrochlondc 


1/8 

1/8 



d/-PeniciIlamme n-propyl ester hydrochlondc 

T 

1/4 

1/4 

1/8 

1/32 

d/-PeniciUaiTune uo-propyl ester hydrochlondc 

T 

1/4 

1/4 

1/8 

1/16 

d/-Pemcillamine n-butyl ester hydrochlondc 

T 

1/8 

1/8 



d/-Pemcillamme /so-butyl ester hydrochlondc 

T 

1 

1/4 

- 1/4 " 

1/8 

<f/-PemaIIamine n-amyl ester hydrochlondc 

T 

>8 

16 

1/4 - 

1/8 

d/-Pemcillamme iso-amyl ester hydrochlondc 

T 

>8 

16 

1/4 

1 1/8 

d/-Pemcillamine oc/ive-amyl ester hydrochlondc 

T 

>8 

16 

1/4 

1/4 

d/-Pemcillamine n-hexyl ester hydrochlondc 

T ■’ 

>8 

8 

1/4 

1/4 

d/-Penicillamine-wo-hexyl ester hydrochlondc 

T 

>8 

16 

1/4 

1/4 

dZ-Penicillamine ben 2 yl ester hydrochlondc 

T 

4 

2 



N-Phenaceturyl-d/-penicdlamine 


<1/128 

<1/128 



S-Benzyl-d/-penicillamme ethyl ester 

T 

1/4 

2 

1/28 

<1/256 

d/-Penicillaminic acid n-butyl ester hydrochlondc 

T 

<1/128 

<1/128 



N-Phenylacetyl-S-benzyl-d/-penicillamme methyl ester T 

<1/128 

<1/128 



N-7i-Caproyl-^ben^l-£//-penicillanune methyl ester T 

<1/128 

<1/128 



N-FormyI-i//-penicuIamme methyl ester 

T 

<1/512 

<1/512 



N-Formyl-S-benzyl-d/-penicillamine methyl ester 

T 

<1/512 

<1/512 



N-Acetyl-pemcdlamine methyl ester 

T 

<1/512 

<1/256 




TABLE II 

The antibactenal activity of further groups of compounds against Streptococcus pyogenes CN 10 
expressed as units of penicillm per mg Compounds marked T were examined for toxicity and 

chemotherapeutic action 



In vitro activity 


In iitro activity 


expressed as 


expressed as 

Compounds 

- units of peni- 
cilhn per mg 

Compounds 

units of pent 
cillin per mg 


18 hrs 

48 hrs 


18 hrs 

48 hrs 

II Thiazoudines 
4-Carbomethoxy-2-phenyl-5 5- 



4-Carboxy-N-benzoyl-2 2 5 5- 



dimeth>l-d/-thiazohdme hydro- 



tetramethyl-d/-thiazolidine 

<1/8 

<1/8 

chlonde T 

1/32 

1/64 

(ammonium salt) 

4-Carbomethoxy-2-aminomethyl 



4-Carbomethoxy-2-jpwo-cyc/ohexyl- 



5 5-dimethyl-d/-thiazolidme 



5 5-diraethyl d/-thiazolidine hydro- 

1/64 

<1/32 

hydrochlondc 

<1/8 

<1/8 

chlonde T 

4-Carbo\y-N-phenylacct>l-2 2 5 5- 



4-Carbo-n-amoxy-2-jp/ro-c>c/ohexyl- 



tctramcthyl-d/-thiazolidine 
(ammonium salt) 

<1/8 

<1/8 

5 5 dimethyl d/-thiazolidine hydro- 
chlonde T | 

1/4 1 

1 

<1/128 






COMPOUNDS RELATED TO PENICILLIN 
TABLE II — cotu nued 


Compoands 


In Mtro activity 
expressed as 
units of pcni- 
allin per mg 

18 hrs 48 hrs 


n Thiazolidines — continued j 

4-Carbomethoxy-2-carbctho\>'mcthyl- i 
2 5 5-tnmeth>I-d/-lhiazolidmc 
hydrochlonde T 

4-Carbomethoxy-N-bcnzoyl- 
2 2 5 5-tetramcthyI-<//-lhiazoIi- 
-dme T 

4-Carbo\y-N-formyl-2 2 5 5- 
tetramethyl-d/-thiazolidine 
^Amido-N-formyl-2 2 5 5- ' 

tetramethyl-d/-thiazolidine T I 

n-Butoxy-N-formyl-2 2 5 5- 
tetramethyW/-thiazolidme T j 

4-Carbomethoxy-N-formyl- 
2 2 5 5-tetramethyl-d/-thiazoIi- 
dine T 

4- Carbethoxy-N-formyl-2 2 5 5- 

tetrarnethyl-rf/-thiazolidine T 

III OXAZOLON’ES 1 

il‘’(4'-carboxy-5 5'-dimethyl- 
thia20lidine)-2-phenyl-4-mcthyl-5- j 

oxazolone j 

Ai(4'-carbomethoxy-5 5'-dimethyI- 
thia2otidiae)-2-benzyl-5-oxazolone T , 
2-Phenyl-4-carbethoxymethyl- ' 

ammometbylene-5-oxazolone T j 

2-Phenyl-4-beiizylthiomethyIcnc- j 

5- 3xazolone T j 

2-Pheayl-4-(4 -aminobenzene- | 

sulphonamido)-methylene-5-oxazolone, 
2-Phenyl-4-(2 -carboxyanihno)- 1 

methylene-5-oxazolone I 

2-PhcnyI-4-(4-jmmoaniliao)- i 

methylene-5-oxazolone 
2-Phenyl-4-(4 -amino-4 -diphenyl- 
aminomsthyleie)-5-oxazolone i 

2-Phsnyl-4-(4 -carbethoxy- I 

amlmomethylene)-5-oxazolone | 

2-Phenyl-4-(3 -armnoanilino- i 

methylene)-5-oxazolone 
2-Phenyl-4-(ethoxymethylene)-5- 
oxazolone 

2-Phenyl-4-(ethylthiomethylene)-5- 
oxazolone T 

2-Phenyl-4-(benzylthiomethylene)-5- 
oxazolone T 

IV Glycine Esters 


<1'128 


<1/2561 <1/256 


<1/128 j <1/128 

<1/128 I <1/128 


<1/128 ) <1/128 
<1/128 <1/128'' 
<1/5121 <1/256'! 


<1/512 I <1/256 - 
<1/128! <1/128 
<1/128 <1/128 
<1/128 1 <1/128 


Compounds 


Triglycylglycinc «-butyl ester T 

Phenvlgl>cinc T 

N-FormvI-glycinc methyl ester T 

N-Formyl-glycmamidc T 

a-Formyl-N-benzoyl-gljeinc 
cthyllhiocstcr T 

N-Bcnzoyl-a-cthylthiomcthylcne- 
glycinebcnzylthio ester T 

N-Methyl-glycinc ethyl ester hydro- 
chloride (Sarcosinc ethyl ester) T 

N-Bcnzylglycmc ethyl ester 
hydrochloride T 

■N'-Co-Fonnyl-N-bcnzoylglycyl)- 
p-aminobcnzcnesiilphonamidc T 

N'-(N"Bcnzoyl-a-cthylihio-methylcne- 
glycyl)-/j'aminobcnzcnc- 
sulphonamidc T 

N (N-Bcnzoy W-bcnzyUhiomcthylene- 
glycyl)/7-aminobcnzencsulphon- 
amidc T 

Miscei laneous 

n-Bulyl phcnaccturatc 
w-Amyl phcnaccturatc i 

Ethyl a-amino-^/?-dimcthylacryIatcT i 
Methyl a-bcnzamido-i9(9-dimcthyl- 
acrylatc T 

Ethyl a-(N-benzyIbcnzamido)-P- 
I hydroxyacrylatc T 

Ethyl a-(N-methylacctamido)-/3- 
I benig'laminoacrylatc T 

Ethyl a-(N-mcthy1bcnzamido)-^- 
j hydroxyacrylatc T 

' Mandclyialanine T 

Acetylmandelylalanine 
I Phcnylaminoacetylalanine T 


In Mtro activity 
expressed as 
units of peni- 
cillin per mg 

18 hrs ' 48 hrs 

<1/32 ; '1/32 

<1/512; <1/512 


:1/512! <1/512 


Glycine methyl ester hydrochlondeT < 1 /32 
Glycine ethyl ester hydrochlonde T <1/32 
Glycme n-propyl ester hydrochlondeT <1/32 
Glycine «-butyl ester hydrochlonde T <1/32 
Glycine wo-butyl ester hydrochloride 

T <1/32 

Glyane n-amyl ester hydrochlonde 

T <1/32 


<1/128 <1/128 N-A“-Hcxenoylalanine (ammonium 

! salt) T 

<1/128 I <1/128 1 Hippurylamide T 

I 'i EthyJ-N-bcnzyl hippurate T 

<1/128 <1/128 j N-Benzylhippunc hydrazide T 

I 5-Carbomethoxy-2-phenyI- 

<1/8 <1/8 ietrahydro-1 4-thiazone-3 T 

5-Carboxy-2-phenyItetrahydro- 
<1/64 <1/128 I 4-thiazone-3 (ammonium salt) T 

' 6is-Phenylchloracetyl-cystine 

<1/512 <I-/5I2| dimethyl ester T 

Benzyl mercaptan T 

Tribenzylthiocarbinol T 

<1/32 <1/32 2-Benzoylamino-3-pyra2olone T 

<1/32 <1/32 Methyl rtorpeniciUenate T 

<1/32 <1/32 Sodium /lorpeniciUenate T 

<1/32 <1/32 j 3-Keto-4-carbethoxy-4-phenyl- 

I A“-pentenoic acid T 

<1/32 <1/32 Formamide T 

<//- Valine H-butylester 

<1/32 <1/32 hydrochlonde T 


<1/64 <1/128 1 

<1/512 <I-/5I2| 


<1/32 

<1/32 

<1/32 

<1/32 


<1/32 <1/32 


<1/32 <1/32 


<1/512 j 

<1/512 

1/128 1 

1/256 

<1/512! 

1 

<1/512 

<1/512 j 

<1'256 

<1/512^ 

<1/256 

1/256, 

1'128 

1 

1 i 

t 

iiS 

1/16 i 

1 

1/8 

1 

1/128 ' 
1/64 1 
1/32 t 

<1/128 

1/128 

1/16 

<1/32 

<1/16 

<1/512 

<1/256 

1/512 

1/512 

<1/512 

<1/512 

<1/512 

<1/5121 

1 

<1/512 

<1/512 

<1/512 

<1/512 

<1/512 

<1/512 

1/512 

1/512; 

<1/512 

<1/512 

<1/512 

<1/512 

1/32 

1/16 

<1/32 

<1/16 

<1/32 i 
<1/32 
<1/512 
1/128 
<1/512 
<1/512 

<1/16 

<1/16 

<1/512 

<1/128 

<1/512 

<1/512 

1/128 

<1/128 

1/32 

<1/128 

1/128 

1/256 
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observation that mice given toxic doses of dl- 
peniciHamine-n-butyl ester hydrochlonde by the 
mtraperitoneal route were first anaesthetized and 
only later succumbed to the convulsions character- 
istic of penicillamine added verisimilitude to this 
possibility Comparisons of the acute toxicity of 
r//-penicillamine-7i-butyl ester hydrochlonde and 
Its constituents were made in groups of ten mice 
The results (Table III) suggest that, when due 
allowance is made for the rate of hydrolysis, the 
acute toxicity of the compound approximates to 
that of the mixture of its constituent parts 

TABLE m 

The average lethal doses of rf/-penicillaniine-n-butyl 
ester hydrochlonde and its constituents when admin- 
istered mtrapentoneally to groups of 10 mice 


Compound ' 

LD50 ± SD 
(mg per 
20g) 

(//-Penicillamine hydrochlonde 

40 ± 06 

(//-Penicillamine hydrochlonde -1- «-butyI 
alcohol 

10 5 ± ! 3 

(//-Penicillamme-n-butyl ester hydrochlonde 

130 ± 1 6 

«-Butyl alcohol 

350 ± 57 


Summary 

1 Some penicillamme, thiazolidine, oxazolone, 
glycine and associated compounds have been 
examined for chemotherapeutic activity 


2 The esters of pemciUamine possess anti- 
bactenal activity in vitro, but their mode of action 
is not related to that of pemcilhn They are 
inactivated in the presence of blood or serum, and 
evidence is presented which indicates that this may 
be due to hydrolysis 

3 The more active compounds, when adminis- 
tered by the mtraperitoneal route, were acutely 
toxic in small doses to mice 

4 None of the compounds possesses chemo- 
therapeutic^value 

We have to thank Drs F C Copp, W M Duffin, 
S Smith, and S Wilkinson of the Wellcome Chemical 
Research Laboratones for the compounds examined, 
Prof A H Cook for the specimen of 2-benzyl A I* 
(4 -carbomethoxv 5' 5'-dimethylthiazolidine) 5-oxazo- 
lone, and Mr M W Cheeseman for technical assist 
ance m the investigations 
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STUDIES ON THE BLOOD-BRAIN BARRIER 

I THE BASIS OF DOSAGE FOR ANIMALS OF VARIOUS 

WEIGHTS 


BY 
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According to common belief, the cerebral blood- 
vessels are more permeable m the young than m 
the adult ammal If any difference m perme- 
ability were such that the young blood-vessels 
allowed the passage of substances normally held 
back completely m older animals (e g , many acid 
dyes), comparatively simple experiments would 
demonstrate it If, however, the difference were 
merely one of degree, it would be apparent onlv 
if a satisfactory basis were reached for adjusting, 
to animals of very dissimilar body-weight, the 
dosage of a dyestuff or drug intended to pass these 
blood-vessels and reveal its presence in the nervous 
tissues by staining, by pharmacological effects, or 
by other means None of our colleagues could 
state by what computation the adjustment should 
be made, and Clark (1937), discussing the dosage 
of drugs in general, wrote “ there is no satisfactory 
method of relatmg dosage to body-weight when 
the latter vanes extensively ” The purpose of the 
present work was to mquire whether any general 
rule of dosmg could be established for causmg 
effects of equal intensity in the nervous tissues of 
animals of wholly dissimilar weight (and hence 
age) 

Should dosage be related to the weight of the 
brain ? As Table I shows, the weight of the brain 


relative to the body-weight is enormously greater 
m the young than in the adult mouse To a 
somewhat lesser extent, the same is true of the 
rabbit Although, other things being equal, the 
concentration of drug in an organ is likely to 
depend on the concentration in the blood and not 
on the size of the organ, a consideration of the 
possible variables involved suggested that these 
were so numerous that it was advisable to settle 
the matter by direct experiment 

Wc had earned out preliminary experiments in 
which the dosage of dyestuffs and drugs was 
related to the body-weights or brain-weights of 
mice of different ages, or was calculated accord- 
ing to the metabolic-ratc formula (metabolic rate 
<x body-weight The results showed that 

computation of the dose according to brain-weight 
invanably led to much more severe effects in 
young animals Between the other computations, 
the results did not permit of final choice , of 7 
dyes and 5 convulsant drugs, some appeared to 
affect mice of different ages more uniformly when 
admmistered on the basis of body-weight, others 
when given according to the metabolic-rate 
formula 

In the experiments desenbed in the present 
paper, we adopted statistical methods of assess- 


TABLE I 

BODY-WEIGHTS AND BRATN-WHGHTS IN MICE AT DIFFERENT AGES 



Number 

examined 

1 

Average 

body- 

wei^t 

Limits 

Average 

brain- 

weighf" 

1 

Lunits 

Brain-weight 
as % of 
body-weight 

Old mice 

90 

41 0 g 

35 5-45 0 g 

0 44 g 

0 41-0 47 g 

1 1 

Young adult mice 

174 

20 0 g 1 

19 0-21 0 g 

042 g 1 

0 40-0 42 g 

2 1 

Three-week-old mice 

174 

11 8 g 

10 0-14 0 g 

0 40g 1 

0 39-0 42 g 

34 

Two-week-old mice 

84 

5 6 g 

not recorded 

0 36 g I 

not records 

64 


Excluding olfactory bulbs and spinal cord 
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ment Because of the very vanable response 
afforded by different animals, and of subjective 
errors in assessing results, dyes seemed unsuitable 
for the purpose We used, therefore, three con- 
vulsant drugs (cocaine, strychmne, and picrotoxin) 
and compared the dosage-mortahty curves for 
mice of three different age-groups , we chose these 
particular convulsants partly because they are 
believed to act at quite different levels of the cen- 
tral nervous system, and partly because they have 
been used previously m experimental work on 
epilepsy and the permeabdity of the blood-brain 
barrier (Cobb, Cohen, and Ney, 1938 , Aird, 1939 , 
Aird and Strait, 1944) In other tests we estimated 
chemically the amount of sulphamlamide passing 
into the brains of similar animals 

Methods 

Mice were selected according to weight The weight 
of a mouse is a fairly precise indication of its age only 
if conditions of maintenance have been standardized 
and, at any rate in younger mice, the sizes of the htters 


have been reasonably constant For the present pur- 
pose we used only mice from litters of two or three 
animals These were raised from the age of two weeks 
under conditions as nearly standardized as possible 
with the prevaiUng standards of labour carefully 
supervised Under these circumstances, the relation 
between weight and age was approximately as 
follows 

12 g — 2i weeks 20 g — 5-$ weeks , 35 g — 4 months 

Before expenment, all mice were kept at a constant 
temperature (±5° F) for at least three days On the 
day of expenment we checked each cage for the pre 
sence of surplus food and water The drugs were 
injected intravenously, for mice of 20 g (±0^ g.)* 
dissolved in 0 1 c c distilled water (0 2 c c with 
sulphamlamide) and introduced in exactly 10 sec 
(20 sec with sulphamlamide) timed with a stop-clock 
For mice of the other weights used (12 g ±0 5 g and 
35 g ± 1 0 g) the volume of the inoculum was adjusted 
to the body-weight , the time occupied in injection 
remained the same 

• In this laboratory mice of 20 g are used in most experiments and 
are taken as the standard when comparison between various 
age-groups is made. 


table II 

MORTALITIES IN GROUPS OF 10 MICE INJECTED INTRAVENOUSLY WITH VARIOUS CONVULSANT DRUGS 


For mice of 20 g the drugs were dissolved m 0 1 c c distilled water and injected in exactly 10 sec For 
mice of 12 g and 35 g the volume was adjusted to the body-weight, the time of injection remained the same 
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TABLE III 

Probit-log dose relationships for mortalities in mice from convulsant drugs LD50 values, average slopes, 

and their standard errors 


Drug 

Weight of mice 

12g 

20 g 

1 r - ~ ■ 1 . ■ ■ » 

35 g 

Strychnine slope 

LD50 in mg 

8 41 t 1 23 

0 0069 ± 0 0002 

9 56 ± 1 47 

0 01 U i 0 0003 

n 80 b 1 68 

0 0203 -c 0 0005 

Cocaine slope 

LD50 in mg 

: 9 62 ± 1 46 

03l4i00l0 

10 22 ±158 ; 

0 472 ±0 016 

5 38 ± 0 85 

0 508 ± 0 024 

Picrotoxin slope 

LD50 in mg 

6 27 ~ 0 90 

0 0419 - 0 0016 

1200 1 71 

0 06SD± 0 0017 

9 00 ± 1 30 

0 0891 ±0 0039 


fn the experiments \\i(h convulsant drugs groups 
each of 10 mice received doses selected to cover as 
nearly as possible the whole range of mortalities from 
0 to 100 per cent, with at least three values between 
the hmits We repeated this procedure three or four 
limes on different days, with any vanations of dosage 
suggested bv previous experiments 
In the expenments with sulphanilamide, groups each 
of 3 mice received the drug and were hilled 20 min 
later The choice of the time of autopsy was deter- 
mined by experiments to be reported later We esti- 
mated the amount of sulphanilamide m plasma and 
bram by the method of Rose and Bevan (1944) The 
experiment was repeated at approximately weekly 
intervals 

Results 

(a) Convulsant drugs 

Table II presents the experimental data for the 
convulsant drugs used 


The usual method of graphical representation of 
such data is to express the percentage mortalities 
as probits and plot these against the logarithm of 
the dose (Fmncy, 1947) A statistical analysis of 
the data of Table II shows that on this scale the 
dosage-mortality curves for all drugs are linear 
The slope of a particular line is thus a measure of 
the individual vanation of the mice to the drug in 
question (Fmney) Further analysis of the data 
shows that, for each age-group and each drug, 
the slope of the line does not differ significantly 
m repeat experiments, indicating that individual 
vanation remamed the same throughout the penod 
of experiment — i c , for at least several days and 
m more than one batch of mice Finally, the 
LD50 values did not differ significantly from one 
expenment to another This is not a necessary 
condition of a satisfactory expenment, but it 


TABLE IV 

LD50 values and their standard errors expressed in terms of dose per 20 g mice (mg /mouse) on 
body-weight, metabolic-rate, and bram-weight formulae 


Basis of assessment of dose 

Drug 


Weight of mice 

- 


12 g 

20 g 

! 35 g 

Bod''-weight mg,/20 g 

. - .... 1 

Strychnine 

1 Cocame 
Picrotoxin 

1 

00115 ± 0 0003 

0 523 ±0 017 

0 0698 ± 0 0027 

0 0113 ±0 0003 

0 472 ±0 016 

0 0680 ±0 0017 

0 0116 ± 0 0003 

0 290 ±0 014 ' 
0 0509 ± 0 0022 

Metabolic-rate formula 

Strychnine 

Cocame 

Picrotoxin 

0 0097 ± 0 0003 

0 442 ±0 014 1 

0 0590 ± 0 0022 

0 0113 ± 0 0003 

0 472 ±0 016 

0 0680 ±0 0017 

0 0139 ±0 0003 

0 348 ±0 016 

0 0610 ± 0 0027 

Brain-weight 

Strychnine 

Cocaine 

Picrotoxin 

0 0072 ± 0 0002 

0 330 ± 0 OH 

0 0440 ± 0 0017 

0 0113 ±0 0003 

0 472 i-0 016 

0 0680 ± 0 0017 

0 0194 ± 0 0005 

0 485 -1- 0 023 

0 0850 d 0 0037 


uciivcu nuiu iauie 111 looses aamimstereo accor 
following rabo 20 g mice 1 00, 35 g mice 1 46, and 12 g mice 0 71 


' ° t ''n’A" ^ ^ K Hucc u /I Thc approximatc mean brain-weiehts denved 

te atat daS S'fatlV ft Ad 50 Fot’llcaS'S'o'li'f “ill"’' 
weight basis, this becomes 0 314 x 20/12 = 0 523 
0 314 / 1/0 71 = 0 442, etc 


>YCLC UiiCU m CaiCUiailOg 

. 3 . Expressed as dose per 20 g. mice on body- 

Calculated on the metabolic-rate formula, the dose would be 
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enables all the information for each drug con- 
tained m the experiments to be combmed and 
represented by the average LD50, the average 
slope, and their standard errors- (Fmney) 

By doing so we obtained the figures shown in 
Table UI 

Interestmg observations can be made from the 
figures given for the slopes With strychmne the 
slopes do not differ significantly for the three age- 
groups , this imphes that the three age-groups have 
the same degree of vanability m their reactions to 
strychnine With cocaine the old mice have a 
significantly lower slope than the other two age- 
groups, mdicatiilg that so far as their reaction to 
this drug IS concerned the old mice vary amongst 
themselves more than do mice of the other age- 
groups For picrotoxm the reverse is true , the 
young mice vary more amongst tbemsetves than 
do the other two age-groups Thus, comparing 
young and old mice, one may be more variable 
than the other with respect to one drug and less 
vanable with respect to another The 20 g mice 
show up best for uniformity because with none of 
the drugs tested is either of the other age-groups 
significantly less vanable 

In Table IV the LD50 is expressed m terms of 
the three methods of assessmg dosage 


For strychmne the LD50 values based on body- 
weight are almost identical for the three age- 
groups For this drug the best basis for calculating 
the dose is clearly by body-weight For the other 
two drugs, none of the bases is completely satis- 
factory There is reasonable agreement with 
picrotoxm for metabohc rate, but the body-weight 
basis is better when comparmg young and 20 g 
mice With cocame the only reasonable agree- 
^ment is for bram-weights when comparmg old 
and normal, and for metabolic rate when com- 
paring normal and young mice For the other 
group m both instances alternative computation 
would result m gross error 

All these conclusions are based on the LD50 
Since the slopes are not always the same for dif 
ferent age-groups, the above comparahve results 
only spply for the LD50 Different comparahve 
results would be obtained for other levels of mor- 
tahty, but the conclusion will hold substantially 
f(^r levels between 20 and 80 per cent 

(b) Siilphamlamide 

Table V shows the concentrations of sulphanil- 
amide m the brams of mice of different weights 
Obviously, to some extent, the amount of drug in 
the brain must depend on that m the plasma, and 


table V 

AMOUNTS OF SULPHANTLAMTOE PRESENT IN THE BRAINS OF YOUNG AND OLD MICE INJECTED INTRAVENOUSLY 

The firstline for each dose refers to one experiment, the second to another, and the third to the last experiment 
Doses for 12 g mice (1) 0 6 mg (2) 1 3 mg (3) 2 0 mg 

„ „20g „ (I) 1 0 mg (2) 2 0 mg (3) 3 0 mg 

„ „35g „ (1) 2 0 mg (2) 3 5 mg (3) 5 0 mg 

For 20 g mice the above doses were contamed m a volume of 0 2 c c injected in eractJy 20 seconds ror mice 

of other weights the volume was adjusted to the body-weight, the time of mjection remained the same 
Ratio = concentration m brain/concentration in plasma 

Amounts are given m mg per 100 ml plasma or 100 g brain, each piair of entnes represent the concentration 
of sulphanilamide in the plasma and brain of a single mouse 


Weight of mice 


Dosej 

1 

12 g 

20 g 

1 


35 g. 


Plasma 

Brain 1 

Ratio 

Plasma 

Brain 

RaUo 

Plasma 

Brain 

Ratio 

1 

3 54 

3 75 

3 77 

Mean 3 69 

3 41 

3 10 

3 75 

3 42 

0 93 

3 98 

4 17 

3 15 

3 77 

3 03 

2 97 

2 47 

2 82 

0 75 

4 56 

4 75 

4 54 

4 62 

2 92 

3 47 

3 35 

3 25 

0 70 

2 

621 

5 53 

S 14 

Mean 6 65 

4 91 

4 92 

5 10 

4 98 

0 74 

5 61 

8 38 

7 37 

7 12 

4 83 

5 91 

5 43 

5 39 

0 76 

> 8 47 

8 20 

684 

7 84 

5 62 

5 74 

6 16 

5 84 

0 74 

3 

11 88 

15 32 

12 91 

Mean 13 37 

9 86 

10 88 

9 45 

10 06 

0 75 

14 07 

13 98 

10 92 

12 99 

11 67 

8 06 

7 77 

9 17 

1 

071 

12 43 

10 84 

11 44 

11 57 

8 14 

7 66 

7 69 

7 83 

0 68 
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the ratio between these two quantities 
would appear to be the more signifi- 
cant figure These ratios are fairly 
constant except for the lowest dose m 
young mice The last may well repre- 
sent a testing error resulting in an 
abnormally high value for the concen- 
tration m the brain , it is not however, 
sufficiently different from the other 
figures to warrant rejection of the re- 
^ suit The geometric mean of all nme 
ratios IS 0 75, which may be taken as 
the ratio, 20 minutes after dosing, for 
a wide range of doses and weight of 
mouse The reason for taking the 
geometric and not the anthmetic mean 
will be apparent in the following 
analysis 


1 = 11* MICE 
1 = 20* MICE 
3=35* MICE 


PLASMA 



(rt b 7 0 8 lb I 2 I 4 I 6 I 8 2 0 25 3b 3 5 4b 
SC/IE FOR PLASMA 


Fig 1 


Analysis of results 

The mean concentrations in Table V have been 
pibtted on log scales in Fig 1 — e , log concen- 
tration agamst log dose Some curvature is 
apparent m each graph, but it is clear that all 
curves are substantially parallel and that the rela- 
tion between the plasma curves for young, normal, 
and old mice is similar to that for the brain cur%'es 
If the curves are in fact parallel and occupy rela- 
tively the same position within both sets (subject 
of course to expenmental error), then the mter- 
pretation is greatly simplified If the curves were 
not parallel, no uniform basis of calculating the 
dose would be possible, because the basis would 
then depend on the magnitude of the dose If, for 
mstance, the curves converged for low doses (and 
diverged for high), the ratios of the doses for 
young, normal, and ‘old mice giving the same 
concentration of drug in the bram would be closer 
together for low than for high doses The assump- 
tion that the curv'es are parallel was made, there- 
fore, as a working hypothesis, to be subject to a 
rigorous statistical test at a later stage If this 
assumption could be justified, a uniform basis for 
assessmg doses would exist , this basis would be 
the ratio of the doses which yield the same con- 
centration of drug m the brain (or plasma) for all 
three age-groups 


08 10 15 2b 253035 4-u5b 

ACTUAL DOSE In mjt SCALE FOR BRAIN 

Relation between dose of sulphanilamidc and concentration 
in plasma and brain for young, normal, and old mice 


The assumption is embodied by representing the 
SIX curves by the equations in Table VI 
Fitting these lines to the log of the 'values 
of Table V by the method of Least Squares, 
we obtain the following values for the con- 
stants mi=0 169, ni.=0 421, n=0 726, /I =0 602, 
6=0 909, c=1 233 These refer to the origin 
- 0 222 for plasma and brain, and the theoretical 
curves are plotted in Fig I , it will be seen that the 
fit IS reasonably good The next step is to assess 
whether this fit is consistent with the experimental 
error To do this we calculate for each animal 
the quantities 

y=log concentration in plasma + log concen- 
tration m brain 

Z=log concentration in plasma — log concen- 
tration in brain 

The variation within the groups of three mice for 
each dose and age group represents the expen- 
mental error for these quantities An analysis of 
vanance of Z shows that no significant variation 
arises between groups It follows that the ratio of 
concentration in the brain to the concentration in 
the plasma may be assumed constant for all doses 
and age-groups of mice examined 

The fitted lines for the quantities Y for the three 
age-groups are derived by summing the corre- 


TABLE VI 

Sulphanilamide m the brains of mice formulation of equations for log concentration of sulphanilamide v log dose 



Plasma 

Bram 

Young 
"Normal ' 

Old ' 

y= a + bx 

a + b(x — Wi) -t- c(x — m,)* i 

y=-- a + bix~ -f c(x — nhY i 

y = A -1 bx + cx? 
y=- A + b{x — mi) -f c(x — mff \ 
y — A A- b{x — ms) -f- c(jr — 


314 


O L DAVIES AND E WESTON HURST 


spending equations for the plasma and bram The 
vanance of the nme group means about these Imes 
IS 0 0065 based on 4 degrees of freedom This has 
to be compared with the expennlental error van- 
ance We calculate that the vanance of Y within 
groups of three mice is 0 0093 based on 18 degrees 
of freedom, accordingly the error variance of the 
group means is 0 0093/3=0 0031 The variance 
about the fitted fines is not significantly greater 
than this The fit of the Imes is, therefore, ade- 
quate and the working assumptions justified 
We have now shown that within" the experi- 
mental error, the ratio of the concentration m the 
brain and plasma is the same for all doses and 
weight of animal withm the range examined, and 
also that the curves connectmg the concentration 
in the plasma (and brain) with log dose for the 
three age-groups are parallel 
The effect of age (or weight) of mouse on the 
concentration m the plasma and bram is therefore 
given entirely by the two constants rrii and m. 
calculated previously— i e , m,=0 169, /n.=0 421 
These are m terms of log dose , their antilogs are 
1 476 and 2 637 The relation between the doses 
to give the same concentration for young, normal, 
and old mice is, therefore, 1 00 to 1 476 to 2 637 
respectively Expressed as normal =100, we get 
67 100 178 

In Table VII we compare these ratios with the 
three bases for assessmg dose 
The ratios found agree almost entirely with the 
body-weight basis of assessment The expenmen- 
tal error m the ratios found is unhkely (p=0 05) 
to exceed ± 12% We can therefore confidently 
exclude the other two bases of assessment of the 
dose, since the experiment is on a sufficient scale to 
discriminate conclusively between the three bases 
and thus gives a clear-cut result Fewer animals 
would have been msufficient and a larger number 
unnecessary The conclusion is that the correct 
basis of assessment of dose is by body-weight 

TABLE Vn 

Sulphanilamide m the brains of mice ratio of dose 
per mouse calculated in vanous ivays compared with 
doses causmg equal concentrations of the drug in the 
brain 


An estimate of the constant brain /plasma con- 
centration may be obtained from a and A cal- 
culated above The difference y4 -a = f 876 which 
corresponds to an antdog of 0 75 This, of course, 
IS identical with the geometnc average determined 
previously from Table III, and is the justification 
for using the geometnc m place of the arithmetic 
mean of the ratiosr 

Summary and Conclusions 

The foregoing experiments sought to determine 
whether there exists any uniform basis of dosage, 
for mice of different weights, of drugs penetrating 
the blood-brain bamer As an indication of their 
presence in the nervous tissue, we determined the 
mortality curves of three convulsant drugs, strych 
nme, cocaine, and picrotoxin We also estimated 
chemically sulphanilamide passing into the brain 
All the drugs were given intravenously under 
rigidly standardized conditions, thereby eliminating 
factors concerned with ^absorption from the ah 
mentary canal or from the tissues 

Although, proportionately to the body-weight, 
the bram is relatively very much heavier in the 
young ammal, dosage on the basis of bram-weight 
nearly always results in the administration of too 
large amounts of drug Apart from this state 
ment, no general rule can be formulated With 
strychmne and sulphamlamide, dosage on the basis 
of body-weight gave results most nearly umform 
m the vanous mice With picrotoxm, dosage 
according to the metabolic-rate formula gave 
reasonably uniform Tesults over the complete 
range of weights, but dosage on the basis of body 
weight gave closer correlation between immature 
mice and young adults With cocaine no basis of 
dosage appeared satisfactory for all weights Com 
putaUon according to the metabolic-rate formula 
yielded greatest uniformity between immature mice 
and young adults, accordmg to the bram-weight 
between young adults and old mice 

In the absence of any uniform basis of dosage 
for mice of widely different weights, the recogni 
tion of small differences in the permeability oTthc 
cerebral blood-vessels of young and old animals 
would be a matter of considerable difficulty. 


Basis of assessment of dose 

[ Weight of mice 

12 g 

20 g 

35 g 

Found expenmentally 

62 

100 

169 

Body -weight 

67 

100 

178 

Bram-weight 

95 

100 

105 

Metabolic-rate formula 

72 

100 

146 
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THE DECARBOXYLATION OF 
D-i 4-DIHYDROXYPHENYLSERlNE (NORADRENALINE 

CARBOXYLIC ACID) 

BY 

H BLASCHKO PAMELA HOLTON, AND G H SLOANE STANLEY 
From the Dcpaitmcnt of Pharmacology, Oxford 

(Rccciscd June 17 194S) 


f3~3 4-DihydroxyphenyIsenne is an amino-acid 
structurally closely related to noradrenaline In 
this paper it will therefore be called “ noradren- 
aline carboxylic acid” 

The ammo-acid was first prepared by Rosen- 
mund and Domsaft in 1919, and again by 
Guggenheim (1940), who found that in rabbits it 
was wTthout action on the arterial blood pressure 
after subcutaneous injection of 0 1 g /kg The 
acid has recently been prepared by Dalgleish and 
Mann (1947), together with the corresponding 
N-methyl-ammo-acid, “ adrenaline carboxylic 
acid ” 

Rosenmund and Domsaft (1919) suggested that 
the ammo-acid might be a precursor of adrenaline 
in mammals, but they did not support this sugges- 
tion by experiments 

A scheme of. adrenaline synthesis has been 
discussed which assumes the decarboxylation of 
L-3 4-dihydroxyphenylalanme (Blaschko, 1939, 
1942, 1948), a reaction catalysed by the enzyme 
dopa decarboxylase (Holtz, Heise, and Ludtke, 
1938) This enzyme does not act on N-methyl-3 4- 
‘ dihydroxyphenylalanme (Blaschko, 1939), but it is 
not known how the introduction of a hydroxyl 
group m the jS-position affects substrate specificity 
We have therefore exanuned noradrenaline carb- 
oxyhe acid as a possible substrate of mammalian 
decarboxylases 

The mammalian dopa decarboxylase is related to 
the bactenal L-tyrosme decarboxylase, and we have 
therefore mcluded experiments on the decarboxy- 
lation of the ammo-acid by the bacterial enzyme , 
these experiments have enabled us to establish the 
stereochenucal configuration of 3 4-dihydroxy- 
phenylsenne 


logical assay the first was a racemic preparation, 
known as Artcrenol, which was obtained from the 
I G Farben-Industnc more than ten years ago for 
the second sample, a spearren of the laevorotatory 
stereoisomer, we arc grateful to Dr M L Tainter 
The Ussuc extracts— from guinea-pig’s kidney and 
suprarenal gland— were prepared as previously de- 
scribed (Blaschko, 1942) All our manometnc expen- 
ments were conducted in an atmosphere of nitrogen 
An acetone-dned preparation was used for the study 
of the bactenal L-tyrosinc decarboxylase We are 
grateful to Prof I C Gunsalus for a strain of 
Streptococcus faecahs R (ATCC 4083) , the bacteria 
were grown on a medium similar to that described by 
Bellamy and Gunsalus (1945), but with an addition of 
0 5 mg /litre of pyndoxal (Merck) 

The pharmacological assay was earned out on the 
artenal blood pressure of the spinal cat , the rat’s 
uterus preparation used in one expenment has been 
described by Garcia de Jalon, Bayo Bayo and Garcia 
de Jalon (1945) 


Experiments 

(1) Experiments wh/i guinea-pig’s kidney extract 
The guinea-pig’s kidney gives extracts of high 
dopa decarboxylase activity , we compared the rate 
of decarboxylation of the racemic 3 4-dihydroxy- 
phenylsenne with that of DL-3 4-dihydroxy- 
phenylalanine The manometnc set-up was as 
follows 

Fla-k 1 I Fhsk 2 1 Flask 3 

Flask ^ ^ guinea-pig kidney extract (in all flasks) 


Side 

Bulb 


0 4 ml water 


0 4 ml M/100 
DL-3 4-dihy- 
droxyphenyl- 
alanine 


0 4 ml M/100 
noradrenaline 
carboxylic' 
acid 


Incubation temperature 37 5° C 


■Materials and Methods 

For the noradrenaline carboxylic acid we are grate- 
ful to Dr F G Mann, F R S Two samples of 
noradrenaline hydrochlonde were used for the bio- 


From one molecule of DL-dihydroxyphenyl- 
alamne half a molecule of carbon dioxide should be 
formed, as it is known that the decarboxylase is 
stereospecific and will form carbon dioxide only 
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from the L-Jsomer The amount of carbon dioxide 
expected to be formed from 0 4 ml of M / 100 DL- 
amino-acid is 44 8 /^1 

From 3 4-dihydroxyphenylalanine the theo- 
retical amount of carbon dioxide was formed with- 
in the first mne minutes, and the reaction then came 
to a standstill There was no formation of carbon 
dioxide from noradrenalme carboxylic acid 

(2) Experiments with extracts from the guinea- 
pig’s suprarenal gland 

There was no formation of carbon dioxide when 
extracts from the suprarenal gland were mcubated 
with either 3 4-dihydroxyphenylalamne or nor- 
adrenaline carboxylic acid 


(3) Experiments with Streptococcus faecahs 

It IS known that the L-tyrosine decarboxylase of 
Strep faecahs also acts on 3 4-dihydroxyphenyl- 
alanine (Epps, 1944) It seemed therefore of 
interest to find out how the mtroduction of a 
hydroxyl group in the j9-position of the side chain 
would affect substrate specificity 

Two experiments were carried out in which the 
ammo-acid was incubated with the bacterial pre- 
paration Carbon dioxide was formed in both 
expenments This suggested that noradrenalme 
had been formed by the enzyme The pressor 
activity of the solutions was therefore estimated 
on the blood pressure of the spmal cat In the 
first experiment the activity was assayed against 
( + )-norddrenaUne and in the second against the 
laevorotatory isomer Since the results obtained 
m the bvo expenments showed satisfactory agree- 
ment, only the second expenment will be described 
in detail 


(a) Incubation —A suspension was prepared 
contaimng 10 mg of the acetone-dried bactena 
in 1 ml of distilled water 

Two manometer flasks were set up as follows 


Bunk I Test 


Ma n Flask 


I 0 ml bactenal suspension 

4- 0 1 ml M/1 acetate buffer, pH 5 5 

+ 0 2 ml water in both flasks 


Side Bulb 


0 2 ml water 


0 2 ml M/ 12 5 nor 
adrenaline carboxy- 
lic acid 


A third flask was set up in which the noradren- 
aline carboxylic acid in the side bulb was replaced 
bv 0 2 ml of a suspension of L-tyrosme This 
flask was used in order to enable us to relate the 
rate of decarboxylation of noradrenalme carboxy- 
lie acid to that of tyrosine 

The incubation was earned out at a tempera- 
ture of 28 5° C 


Separately, a smaller amount of L-tyrosine was 
incubated with the bacterial preparation under the 
same conditions , this was done m order to deter- 
mine how much of the carbon dioxide formed had 
been retained as bicarbonate The retention was 
found to amount to about 6 per cent , this figure 
was therefore used as a correction in the main 
expenment , 

Formation of carbon dioxide occurred when 
noradrenalme carboxylic acid was added to the 
enzyme The rate of decarboxylation was steady 
for the first hour, but th?n slowed down , the re; 
action had almost come to a standstill when the 
incubation was stopped after 315 min By that 
time 168 /il of carbon dioxide had been formed 
On the asmmption that half a molecule of carbon 
dioxide is formed from one molecule of noradren 
aline carboxylic acid 179 pi should be formed 
Thus the observed formation of carbon dioxide 
represents 94 per cent of theory The time course 
of the reaction is shown m Fig 1 



Fig 1 — DecarboxylaUon of noradrenabne carboxylic 
acid by Streptococcus faecahs R Abscissa time in 
minutes. Ordinate pi COj formed The arrow 
denotes half a molecule of CO^ per molecule of 
ammo-acid added 

After the last reading the contents of the blank 
and test flasks were each pipetted into a centri- 
fuge tube Each flapk was washed out with two 
successive portions of 0 25 ml of water For the 
pharmacological assay it was assumed that any 
active material formed was now contained m a 
total volume of 2 0 ml 

The suspensions were centrifuged for 15 min, 
in order to remove the bacterial debris, and the 
supernatant fluids were used for the assay 

(6) Assay — ^The manometne expenment sug- 
gested that amine formation from noradrenaline 
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carboxylic acid had occurred It was desirable to 
establish the identity of the amine termed with 
noradrenaline and to determine its pharmacolo- 
gical activity' The assay was earned out on the 
spinal cat and the identity of the pressor principle 
was confirmed on the rat’s uterus 

Spinal cat 3 2 kg o The lest was used in a 
diluUon 1 in 25 The standard of laevorolatorj' nor- 
adrenaline was made up in a solution of the blank so 
that the final concentration of the blank was also 
I in 25 

The pressor activity of the test sample is shown m 
Fig 2 , the traang shows that 0 5 ml of the test 



(a) ('’) (c) 


Fig 2. — Assay of pressor acUvity produced from nor- 
adrenalme carboxyhc acid by the bacterial enzyme 
Arterial blood pressure of the spmal cat 10 of 
synthetic (— )-noradrenahne were (a) less active 
than 0 5 ml , (6) more active than 0 3 mk, (c) about 
as active as 0 35 ml of the test solution, diluted 
1 m 25 

diluted 1 in 25, had a stronger, and 0 3 ml of the same 
solution a weaker, pressor action than 10 fj^g of 
(— Fnoradrenahne The pressor action of 10 p-g of 
(— Fnoradrenahne was found" to be approximately 
equal to that of 0 35 ml of the test, diluted 1 m 25 
The blank was without action on the blood pressure 

(c) Calculation of result — ^The total amount of 
pressor activity formed in the experiment can be 
calculated from these data The pressor action 
contained m 2 ml of the undiluted test was equiva- 
lent to more than 1 00 mg and less than 1 62 mg 
of (-)-noradrenaline, and about equal to 140 
mg of ( — Tnoradrenaline 
The total amount of amine expected to be 
present can be calculated from the amount of 
carbon dioxide formed , one molecule of amine 
IS formed per molecule of carbon dioxide 

R-CHCNH.-)COOH >R-CH:NH. + CO= 

The molecular weight of noradrenaline is 169 
Therefore, 22,400 p.! of CO. correspond to 


169 mg of noradrenaline, and 168 /d of CO-, the 
amount formed in the experiment, correspond to 

^-L^ - ,=,1 27 mg of noradrenaline 
22,400 ^ 

The agreement between the amounts found and 
expected is satisfactory and shows that the amme 
formed was m fact (-)-noradrcnaline The amine 
formed cannot have been ( + )-noradrcnalinc 
Similarly, it could be calculated that in the first 
experiment in which the act.vity was assayed 
against ( 4 -)-noradrenaline, the amount of amine 
formed was about twice as active as ( + )-noradren- 
alme In this experiment the assay on the cat’s 
blood pressure was followed by an assay on the 
rat s uterus 

fd) Rat’s uteius assay — One horn of the uterus 
of a non-pregnant rat was suspended in a bath of 
capacity 5 ml at a temperature of 31° C The 
composition of the Ringer’s fluid was similar to 
that recommended by Garcia dc Jalon et al (1945) 
Submaximal contractions of the uterus were 
recorded , a dose of 5 pg of acetylcholine was 
added to the bath every 90 secs The acetylcholine 
was present for 30 secs , and 60 secs were allowed 
for recovery Adrenaline, noradrenaline, or the 
test solution was added to the bath 30 secs before 
the acetylcholine 



0 O By 0 OO^y 

T {±)Nf\ (-)Pi 


(«) (b) (c) 

Fig 3 —Isolated uterus of the rat Each contraction 
was caused by 5 pg of acetylcholine The inhibitions 
were due to (a) the test solution in an amount 
ralralated to contain 0 4 pg of amine, (b) 0 8 ug of 
(3:)-noradrenaline,_ (c) 0 004pg of ( -)-adrenahne 
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A dilution of the test was given calculated to 
contain 0 4 jxg of ( — Vnoradrenahne Fig 3 

shows that the inhibition observed was about equal 
to that after 0 8 jug of ( ± )-noradrenahne 'The 
same result was obtained at three different dose 
levels The Figure confirms West’s (1947) finding 
that the rat’s uterus preparation is many times 
more sensitive to adrenaline than to noradrenahne 
The result obtained on the rat’s uterus prepara- 
tion therefore confirms that of the blood pressure 
assay the amine formed is ( — )-noradrenaline 

Discussion 

In order to assess whether or not noradrenahne 
carboxylic acid can be considered as a likely pre- 
cursor of adrenalme or sympathin, it is necessary 
to consider its structure The acid differs from 
3 4-dihydroxyphenylalanme in that it contains 2 
asymmetric carbon atoms, one in position a and 
one in position )9 



OH COOH 

Noradrenaline carboxyhc acid 

Compounds of this kind have four 
different configurations and exist in 
pairs related as object and mirror 
image The four possible arrange- 
ments m space are shown in Fig 4, 
in which the a and carbon atoms 
are replaced by regular tetrahedra 
The designations L and D are used 
for the a carbon atom the con- 
figuration L is that common to 
most naturally occurring amino- 
acids The two possible configura- 
tions of the j8 carbon atom are 
distinguished as I and d , this is the 
asymmetric carbon atom of adren- 
aline, the naturally occurrmg laevo- 
rotatory configuration is usually 
referred to as /-adrenalme 

Dr Mann told us that the sample 
of noradrenahne carboxyhc acid 
which we used m our experiments 
behaved like a simple racemic mix- 
ture and that it therefore contained 
only one pair of stereoisomers The 
two pairs of stereoisomers are 
Dd-Ll and Dl-Ld 

The experiments reported above 
enable us to determine the confi- 
guration of noradrenahne carboxylic 


acid This is possible, because two stereospccific 
affinities are involved 

(0) that of the bacterial ammo-acid decarboxy- 
lases for the L-configuration of the a carbon atom, 
and 

{b) that of the plam muscle cell for the /-con- 
figuration of the carbon atom 

Alt known ammo-acid decarboxylases, bacterial 
and mammalian, are stereospecific, and it can there- 
fore be safely assumed that only the L-stereoisomer 
was decarboxylated in our expenments This is 
borne out by the observation that approximately 
half a molecule of carbon dioxide was formed 
from one molecule of noradrehalme carboxylic 
acid 

The stereosfiecificity of the mammahan receptors 
has recently been studied by Tamter, Tullar, and 
Luduena (1948), who have shown that on the spinal 
cat’s blood pressure the ratio of equiactive doses 
of laevorotatory to dextrorotatory noradrenahne is 
1 25 to 1 33 

Theoretically three structures are possible 

(1) a racemic mixture of the configurations Dd 
and LI, in this case one would expect (-) nor- 
adrenahne to be formed 
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(2) a racemic mixture of the configurations Dl 
and Ld , in this case one would expect ( + )-nor- 
adrenaline to be formed 

(3) a mixture of all four configurations in this 
case one would expect ( + )-noradrenalinc to be 
formed (This possibility was already ruled out 
by Dr Mann’s findings) 

That the first of these is in fact the structure of 
the acid is proved by the pharmacological assay 
on the spinal cat Tlie L-amino acid was found 
to be^almost quantitatively decarboxylated and to 
have given rise to ( — )-noradrenalme 

Rules for the nomenclature of ammo-acids have 
recently been agreed upon by the editors of the 
Biochemical Journal, the Journal of the Chemical 
Society, and the corresponding American publica- 
tions (1948) Rule 6 deals with amino-acids “ with 
two asymmetric centres, but where mternal com- 
pensation IS impossible ” Noradrenaline carboxy- 
lic acid is unlikely to be present in proteins, but 
It IS so closely related to ammo-acids found m 
proteins that it seems desirable to follow the rules 
laid down for these compounds The substance 
studied m this paper contains the configuration m 
which the L-ammo-acid has the configuration 
related to naturally occurrmg laevorotatory adren- 
aline, and It is therefore proposed to use the desig- 
nation 3 4-dihydroxyphenylserme for this speci- 
men and to reserve the prefix alio- for the pair 
wh ch still awaits synthesis 

3 4-Dihydroxyphenylsenne has the configura- 
tion to be expected m a possible precursor of 
adrenaline, so that the negative results obtained 
with the mammalian decarboxylases cannot be 
ascribed to the use of the wrong stereoisomer but 


must be interpreted as meaning that this substance 
is unlikely to be a precursor of adrenaline or 
sympathm 

Summary 

(1) Noradrenaline carboxyl c ac’d is not a sub- 
strate of dopa decarboxylase 

(2) Extracts of guinea-pig’s suprarenal glands do 
not contain dopa decarboxylase, and they do not 
decarboxylate noradrenaline carboxylic acid 

(3) Noradrenaline carboxylic acid was de- 
carboxylated by an acctone-dried preparation of 
Streptococcus faecal is R , the amine formed was 
characterized as ( — )-noradrenahne by pharma- 
cological assay on the blood pressure of the spinal 
cat and on the rat’s uterus 

The authors arc grateful to the Medical Research 
Council for a personal grant to one of us (G H S S ). 
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The purpose of this paper is to submit evidence 
that paludnne has little activity in preventmg the 
development of malaria parasites in vitro, but that 
It develops such activity when adrmmstered to the 
mammalian or avian host or when incubated with 
minced liver tissue 

Paludnne is N,-p-chlorophenyl - Nj - uopropyl 
b guanide 

Cl<( ).NHC(=NH) NHC(=NH) NHCH(CHa), 

Tonkin (1946), m this laboratory, investigated 
the effect of adding paludnne to t ssue cultures 
containing exo-erythrocjdic forms of Plasmodium 
gallmaceiim and found that the parasites developed 
m the highest concentrations (2-5 mg per litre) 
tolerated by the macrophages Since this concen- 
tration is many times greater than that which is 
believed to be present in the plasma during human 
therapy (probably about 0 3 mg per litre), and 
smee Davey (1946) had reported that paludnne 
was highly effective in cunng the exo-erythrocytic 
infecUons of P gallmaceiim in thickens, as well as 
the endo-erythrocytic ones. Tonkin’s findmg was 
surpnsing and led to further mvesbgations, which 
were undertaken with both P gallmaceiim and 
P cynomolgi A preliminary note descnbing 
some of the results was published by Hawking 
(1947) 

Experiments with P gallmaceum m tissue culture 

The exo-erythrocytic forms of P gallmaceum 
were grown in tissue culture at 37° C by the 
technique desenbed bv Hawking (1945) and used 
bv Tonkin (1946) to study the acUon of anti- 
malanal compounds The implants were obtained 
from the spleen of chickens, at the stage of infec- 
tion when exo-erythrocjnic parasites were present 
In the first expenments the cultures were grown 
in the presence of normal serum for several days, 
until the development of parasites in them could 


be demonstrated , the medium to be tested for 
antimalarial activity was then added and the fate 
of the parasites was observed by removmg cultures 
at mtervals duimg the next ten days for staining 
with Giemsa and exammation in the usual way 
The protocol of a typical experiment is reproduced 
in Table I For this expenment serum was 

TABLE I 

The medium consisted of 20 per cent serum, 20 per cent 
embryo extract, and 60 per cent TVrode’s solution by 
volume The paludnne serum m Nos 2, 3, and 4 was 
substituted for all or part of the normal serum The 
paludnne' m Nos 6 and 7 was added to the Tyrode’s 
solution On the 5th day the medium was changed, and 
fresh medium similar to that originally present was addM 
Each No represents two Carrel flasks and most of the 
observations are based on four cell-colomes (slips), two 
from each flask The cultures had grown for 4 days 
before the experiment began, and the development of 
parasites m them had been demonstrated 


No 

Contents 

Presence of parasites in cultures 

2nd 

day 

4th day 

7th day 

1 

Control — 
Normal 
serum 20% 

— 



Many 

2 

3 

4 

Paludrme 
serum 20% 

Paludnne 
serum 7% 
Paludnne 
serum 2% 

Some 

Some 

A few in one 
culture None 
m another 
None 

None 

None— chick 

not infected 

None — chick 
not infected 
None 

5 

6 

7 

Paludnne 

5 mg, per 
Paludnne 

2 mg per 1 
Paludnne 

1 mg per 1 

— 

— 

Toxic to cells 

Many 

Many 
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obtained from a fowl to make up the normal fluid 
culture medium The fowl was then given 300 mg 
paludrme per kg intramuscularly (a toxic dose), 
and blood was removed 2i hours later to provide 
' the “ paludrme serum ” (All quantities of palu- 
drine m this work refer to paludrme acetate ) 

In this experiment paludrme added directly to 
tissue cultures had httle or no action on the para- 
sites unless the final concentration was so high 
(e g , 5 mg per litre m No 5) as to be toxic to the 
cells without which the parasites cannot grow , this 
reproduces the findmg of Tonkm already men- 
tioned On the other hand the addition of serum 
from a fowl treated with a large dose of paludrme 
was highly active, and all the cultures were steri- 
lized, mostly by the 4th day The surs'ival of 
parasites for a few days, even in a medium which 
eventually kills them, is m agreement with the 
experience of Tonkm, who found that parasites 
persisted in the presence of sulphathiaiole 
(5-50 mg per htre) for 4 days but that most 
were destroyed by the 5th day The death of the 
parasites m Nos 2 and 3 was confirmed by remov- 
mg fluid from the flasks on the 7th day and mjec- 
tmg It mto chicks, which did not become infected 
Probably the activity shown by the paludrme- 
serum in tbs expenment was particularly bgh 
because of the large size of the dose of paludrme 
given to the fowl In other experiments the fowl 
was given 30 mg per kg 18 hours and 2 hours 
before the blood was taken, and the antimalarial 
action of the serum was not mamfested when the 
concentration of serum m the flask was less than 
5 per cent 

These results suggest that paludnne undergoes 
some modification m the fowl so that it develops 
an activity against the parasites in vitro wbch 
was not possessed by the ongmal paludnne This 
hypothesis was sbdied further by mcubatmg palu- 
drme with mmced liver tissue and then testmg its 
action on the parasites The hver was removed 
aseptically from normal rats and mmced finely 
About 6 cc of mmced liver was placed m each 
of two tubes containmg 10 cc. of Rmger with 

0 2 per cent (w / v) glucose , one tube contained 
12 mg paludrme per htre, which when diluted 

1 in 6 provided a final concentration of 2 mg per 
htre, and the other served as a control The tubes 
were mcubated at 37° C, for 4 hours and then 
centnfuged, and the supernatants removed These 
provided be “ hver extract ” and “ hver ex- 
tract plus paludnne,” the use of which is 
illustrated m the typical protocol reproduced 
m Table H In tbs expenment the fiuids to 
be tested for antimalanal activity were added to 
the Carrel flasks when the cultures were first set 

AA 


TABLE II 

The medium consisted of 17 per cent serum, 4 per cent 
embryo extract and 79 per cent Tyrode’s solution by 
volume The paludnne scrum m Nos 3, 4, and 5 was 
substituted for all or part of the normal serum (A) The 
liver extract (wthor without paludnne) m Nos 6, 7, 8, 
and 9 was substituted for part of the Tyrodc’s solution 
Each No represents two Carrel flasks and most of the 
observations arc based on four cell-colonics (slips) 


1 

1 

No 

Contents 

Concentra- 
tion 
% (v,v) 

Presence of para- 
sites on 5th day 

1 

Serum A 

Control 

17 

Many 

2 

Serum Bi 

Control 

17 

Very many 

3 

Paludrme scrum 
B, i 

17 

None 

4 

Paludnne serum 
B 

4 

Few and degener- 
ate 

5 

! 

Paludnne serum 
B. 

1 

None 

6 

Liver extract 

17 

Very many 

7 

Liver extract -f 

17 

None in 2 cul- 


paludnne i 

i 

+ 

2 mg per 1 

tures, 1 parasite m 
a 3rd culture, and 
2 m a 4th 

8 

Liver extract 4- 
paludnne 

4 

+ 

0 5 mg per 1 

Fair number 

9 

Liver extract -f 
paludnne 

1 

-f- 

0 12mg perl 

Few 


up. Without allowing a prehmmary period for 
growth (Tonkin, 1946) Serum A was obtained 
from a normal fowl and it was used as serum for 
all the cultures unless stated otherwise Serum 
was obtamed from a fowl before it received palu- 
dnne , It was then given two mtramuscular mjec- 
tions of 30 mg per kg 18 hours and 1 hour respec- 
tively before the “ paludrme serum,” was with- 
drawn In tbs expenment the paludnne serum 
showed fairly high activity, smee the growth of 
parasites was prevented (completely or mcom- 
pletely) by concentrations of 1-4 per cent Liver 
extract alone had no activity against the parasites , 
but paludnne which had been incubated with hver 
showed fair activity, preventing the growth of all 
but rare parasites when m a concentration ongm- 
ally of 2 mg per htre Actually, it is probable 
that much'of the paludnne had been absorbed by 
the hver tissue and the real concentration of palu- 
drme (and paludnne denvatives) was much less 
than tbs theoretical figure Other experiments 
(see Table I) have demonstrated that unchanged 
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paludnne is inactive in a concentration of 2 mg 
per litre 

After the tissue culture experiments had been 
completed, chemical estimations were made on the 
concentration of paludnne present in the serum of 
two fowls, each of which had received two mtra- 
muscular mjections of 30 mg paludrme per kg 
18 hours and 1 hour respectively before the blood 
was withdrawn. The concentrations found were 
11 mg and 27 mg per htre respectively, average 
19±11 3 mg per litre As the serum constituted 
only 17 per cent of the fluid present m the flasks 
of Table II, the highest concentration of paludrme 
present m the medium contammg paludnne- 
serum ” (Flask 3) would be about 3 2 mg per litre , 
while the medium m Flask 5 (which contamed 
only 1 per cent paludrme serum and which pre- 
vented growth of the parasites) would contam 
0 19 mg per htre These figures may be compared 
with the concentration of 2 mg unchanged palu- 
drine per htre which is mactive 


Experiments with P cynomolgi 
P cynomolgi was cultured m vitro at 37° C by 
a modificatioii of Bass and John’s technique 
Briefly, about 15 c c blood was withdrawn from a 
rhesus monkey (A) infected with P cynomolgi at 
a time, preferably before noon, when most of the 
parasites (95 per cent) were present as small rings 
The blood was defibiinated by shakmg with glass 
beads It was centrifuged, most of the serum was 
removed, the corpuscles being resuspended m the 
remamder SuSicient 10 per cent (w/v) glucose 
solution was added to the serum to make the con- 
centration of added glucose 0 2 per cent The 
cultures were made m small flat-bottomed tubes, 
6 cm high by 0 6 cm mtemal diameter, which 
were closed by rubber bungs Each tube con 
tamed 0 6 c c monkey serum, 01 c c Rmgei’s 
solution, and 0 05 c c suspension of parasitized 
red blood. corpuscles The corpuscles formed a 
thm layer on the floor of the tube Serum A was 
obtamed from Monkey A or from another normal 


TABLE m 

Serum A was obtained from an untreated monkey which provided the parasitized blood Serum Bi was 
taken from a second monkey before it received paludnne Serum B, was taken from the second monkey 
at 11 a m , when it had received paludnne 50 mg 18 and 2 hours previously In tubes P-*!! the dilutions 
were made with serum A Tubes 12-19 contamed serum A (0 6 c c ) plus 0 1 c c of hver extract (incubated 
with or without paludnne 14 mg per htre) pure or m vanous dilutions made with Rmger At the beginning 
of the experiment all the parasites contamed only one piece of chromatm, and 95 of them were young nngs , 

there were no gametocytes 


Tube 

Contents 

Per cent distnbution of parasites accordmg to number 
of pieces of chromatm 



1 

2-3 

4-5 

6-8 

9-16 

Degen 

erate 

1 

Control, serum A 

26 

1 

22 

12 


24 

0 

2 

if if it 

32 

18 

14 


26 

0 

3 

Control, serum Bi 

28 


■■ 

10 

22 

0 

4 

it ii ft 

36 

mm 

mm 

16 

28 

Ba 

5 

Paludnne, added to serum A, 2 mg per I 

26 

23 

15 

11 

25 


6 

Paludnne, added to serum A, 1 mg per 1 

35 

25 

10 

10 

20 


7 

Serum B. from monkey treated \^'ith paludrme, 
pure 

42 

18 


■1 


BI 

8 

-^itto — pure 


28 


0 


msm 

9 

— ditto — diluted 1 m 4 

48 

40 

8 

0 


4 

10 

• — ditto — diluted 1 m 16 

28 

48 


0 


20 

11 

— ditto — diluted 1 m 64 

69 

22 

■■ 

0 


6 

12 

Liver extract added, pure 

23 

42 

15 

7 

13 

0 

13 

—ditto — diluted 1 m 4 

15 

25 

9 

6 

12 

33 

14 

— ditto — diluted 1 m 16 

35 

20 

15 

10 

20 

0 

15 

Paludnne -p liver extract, pure (2 mg per 1 ) " 

4 

6 

0 

0 

2 

88 

90 

14 

24 

16 

— ditto — pure (2 mg per 1 ) 

10 

0 

0 

0 

0 

17 

— ditto — diluted 1 m 4 (0 5 mg per 1 ) 

52 

22 

6 

4 

2 

18 

— ditto — diluted 1 m 16 (0 125 mg per 1 ) 

48 

24 

4 

0 

0 

19 

— ditto — diluted 1 m 64 (0 03 mg per 1 ) 

36 

24 

16 

8 

16 
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monkey A sample of serum (B.) was collected 
from another monkey (B) This served as a con- 
trol to exclude non-specific antimalanal activity 
Monkey B was then treated with paludrine, receiv- 
mg usually two mtramuscular mjections of 50 mg 
for a 3 kg animal at 5 p m and 9 30 a m , two 
hours after the last injection blood was collected 
from a vem and defibrmated , this provided serum 
B= for the cultures In the experiments with liver 
extract paludnne was incubated with minced 
fiver exactly as described above The concentra- 
tion of paludrme used, however, was 14 mg per 
litre, so that when 0 1 c c was added to 0 6 c c 
medium in the culture tube the final theoretical 
concentration would be 2 mg per litre In the 
tubes to which paludnne was added the paludrine 
was dissolved m Ringer’s solution and added in 
place of the normal Ringer’s solution (01 c c ) 
m the control tubes Precautions to maintain 
sterihty were observed throughout The tubes 
were incubated at 37° C After 20 and 42 hours 
a small sample of the corpuscles was removed by 
a pipette and smeared out to form thin blood films 
which were fixed m alcohol and stained with 
Giemsa The parasites were exammed and 
classified according to the number of pieces of 
chromatin which they contamed, the identity of 
the shde being unknown to the investigator dunng 
exammation 

The protocol of a typical expenment is repro- 
duced in Table HI, which shows 

(1) 'That many of the parasites develop nor- 
mally (as shown by the division of chromatin) 
in the presence of serum from the monkey 
which supplied the parasitized corpuscles (tubes 
1 and 2), serum from a second monkey (tubes 3 
and 4), or liver extract (tubes 12-14) 

(2) That the development of the parasites is 
not prevented by the addition of paludnne to 
the cultures sufficient to produce a concentra- 
tion of 1 or 2 mg per htre (tubes 5 and 6) , in 
other experiments the parasites developed nor- 
mally m a concentration of 20 mg paludrine per 
litre 

(3) That the development of the parasites is 
almost completely prevented by serum from a 
monkey which has received paludrine durmg the 
previous 20 hours j this serum is active even 
when diluted 64 times (tubes 7-11) The para- 
sites m the tubes containing activated paludnne 
showed vanous degeneration changes which are 
described below 

(4) That the development of parasites is 
similarly prevented by the addition of paludnne 


which has been incubated with liver (tubes 15 
and 18), although the addition of liver extract 
alone does not inhibit development (tubes 12- 
14) Inhibition occurs when the paludrine + 
liver extract is diluted 16 times (tube 18 , palu- 
drine theoretically 0 12 mg per htre) but not 
when diluted 64 times (tube 19 , paludrine 
theoretically 0 03 mg per litre) 

After these experiments had been completed 
chemical estimations were made of the concentra- 
tion of paludrine present in the serum of three 
monkeys which had been previously treated with 
paludrme, each receiving 50 mg per monkey 18 
hours and 2 hours before the serum was obtained 
The results obtained, usmg a modification of the 
method of Spinks and Tottey (1946), are shown 
in Table IV 

TABLE IV 


Monkey 

Weight 

(kg) 

1 

Dose 

(mg per kg) 

Blood paludnne 
(mg per litre) 

1 

5 8 

86 j 

20 

2 

25 

20 0 ! 

34 

3 

1 

1 

36 

13 9 

12 


The average concentration of paludrine in the 
serum of a monkey receiving 50 mg of paludrine 
as above was thus 22± 10 7 mg per htre This level 
IS approximately equal to the highest concentration 
of paludnne (20 mg per htre) tested in the control 
tubes dunng this work , as recorded above, 20 mg 
per litre of paludnne solution did not affect the 
normal development of the parasites The medium 
in Tube 11 of Table HI was fuUy active in pre- 
ventmg the development of the parasites although 
It contained only 1 part of paludrme serum m 64 — 
1 e , probably about 0 3 mg paludnne per litre 
The conclusions derived from this work are 
similar to those denved from the experiments with 
the tissue cultures of P gallinaceum, viz that palu- 
dnne itself (even m a concentration of 20 mg per 
litre) IS not active in preventing the development 
of the parasites in vitro but that it becomes active 
when exposed to the cells of the body (as in the 
treated monkey) or to mmced fiver tissue 

In a further experiment the supernatant fluid 
from the incubated tube of paludrine plus fiver 
tissue was heated to 100° C for 20 minutes in 
order to precipitate all the protem, which was 
removed by filtration This filtrate was as active 
as the unheated supernatant, which indicates that 
the active denvative of paludnne is probably not 
boimd to protem, and is probably not thermo- 
labile 
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Attempts were made to develop a simple 
technique for testing the activity of paludrme 
denvatives in vitro by incubating blood containmg 
cndo-erythrocytic forms of P gallinaceiim with 
paludrme serum or paludrme + hver extract for 
several hours and then mjectmg it into chickens 
to test for infectivity The results were very 
irregular, and most of the specimens were able to 
infect chickens m spite of exposure to paludrme 
or its hypothetical products Accordmgly these 
attempts were abandoned 

Morphological description of degenerate parasites 

Examination of preparations of P cynomolgt 
from cultures m which the parasites had been 
subjected to the action of activated paludrme 
showed that, m addition to a failure of develop- 
ment to mature schizonts, the parasites suffered 
a series of degenerative changes 



Pig I — Malaria parasites (/* nnomolgi) showing 
degeneraUon produced by paludnne serum A The 
chromatm is small and dark and the cMoplasm is 
thinned out and translucent B The chromatin is 
condensed into tivo dark masses , the cytoplasm is 
disrupted into narrow strands scattered throughout 
the corpuscle Magnification about 8,000 


A few of the parasites were small, contammg 
one piece of very darkly staimng chromatm and 
having' a minimum of cytoplasm, also darkly 
stamed, closely packed round the chromatm 
Others showed the same small mass of dense 
chromatm, but had a varying amount of poorly 
stamed pmkish cytoplasm thinned out and almost 
translucent, so that it was difficult to differentiate 
from the surroundmg corpuscle An example of 
this type of parasite is illustrated m Fig lA In 
this particular specimen the cytoplasm was thin 
and translucent, but not so distended as in others, 
in which, indeed, the cytoplasm occupied almost 
the whole corpuscle Many parasites, however, 
exhibited a more charactenstic series of degenera- 
tive changes than those just desenbed A typical 
example is shown m Fig IB The chromatin 
was condensed mto one or more very darkly stain 
mg lumps The cytoplasm was disrupted, -and was 
often arranged m narrow dark-sthmmg strands, 
which were scattered throughout the corpuscles 
and woven sometimes mto fantastic patterns , 
frequently the strands were completely separated 
from the chromatm masses, which were left 
denuded of any cytoplasmic covermg This senes 
of changes was more common m samples with- 
drawn from culture tubes after mcubation for 
42 hours than m samples withdrawn after only 20 
hours The parasitized red blood corpuscles 
showed the stipplmg usual with P cynomolgt 
infections This series of degenerative changes 
observed in vitro may be compared with the 
changes undergone by P vivax when subjected to 
the action of paludrme in vivo (Mackerras and 
Ercole, 1947) 

Discussion 

The experiments desenbed have shown that 
paludrme m a concentration of^O mg per litre 
has no apparent action in vitro on endo-erythro- 
cyhc forms of P cynomolgt , similarly a concen- _ 
tration of 2 mg per htre has no action on the 
exo-erythrocytic forms of P gallinaceiim If. 
however, paludrme has been previously exposed to 
the action of body cells, either by injecting it mto 
a monkey or fowl and collecting the serum, or by 
incubating it with minced rat liver, marked anti- 
malanal action can be demonstrated The simplest 
explanation for these facts is that paludnne under- 
goes some chemical modification which convei^ 
it mto an active compound This hypothesis would 
explam the contradictory findmgs of Tonkin (1946) 
that paludnne had no antimalanal acUon when 
added to tissue cultures of exo-erythrocytic forms 
of P gallinaceiim, and of Black (1946), who 
reported that serum from a patient treated with 
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paludrme arrested the development in vitio of 
trophozoites of P falciparum Marshall (1947) 
has reported that paludrme solutions are active in 
inhibiting the uptake of oxygen by P gallmaceuni 
in vitro , but the concentrations of paludrme 
required to produce this effect were 10‘ to' 10' times 
as great as those used m our experiments (1 m 
3,000 to 1 m 6,000 as compared with 1 m 1,000,000 
to 1 m 10,000,000) No work has yet been reported 
on the corresponding activity of paludrme after 
activation by the hvmg ammal or by liver extract 
A similar conversion to an active substance 
occurs with tryparsanude and other pentavalent 
arsemcals wTuch are converted by cells from the 
inactive pentavalent to the active tnvalent state 
With paludnne it is not easy to suggest the 
nature of the hypothetical chemical modi- 
fication According to Acheson, Kmg, and 
Spensley (1947) it is unlikely that activation 
depends on the conversion of paludrme mto a 
benzimmazole Our present information indicates 
that this activation can be earned out by the 
whole organism or by mmced liver , it cannot be 
produced by the red blood corpuscles or by the 
macrophages and fibroblasts present m tissue 
cultures from the spleen. The further study of the 
activation of paludnne requires a simpler and 
more convement technique for measuring the anti- 
malanal action of compounds in vitro The 
methods used m the present work, although 
adequate to demonstrate the occunence of activa- 
tion, are rather labonous and insensitive for use 
m a detailed mvestigation of the phenomenon 
The conversion of paludnne by cells mto an 
active denvative is of importance m the study of 
the action of paludnne in vitro, the relation of 
chemical structure to activity, the search for more 
active antunalanal compounds, the mterpretation 
of chemical estimations of the blood concentra- 


tions of paludrme, and other sirmlar questions , 
most of this IS obvious and does not require 
elaboration 

Summary 

1 No demonstrable antimalarial action is 
exerted in vitro on cultures of the exo-erythrocytic 
forms of Plasmodium gallinaceum by paludnne m 
concentrations of 2 mg per htre, or on endo- 
erythrocytic forms of P cynomolgi by paludrme 
m concentrations up to 20 mg per litre , these con- 
centrations are higher than those which are com- 
monly reached m the blood during human therapy 

2 Serum from a fowl or monkey, which has 
recently received paludnne, exercises a pronounced 
action on these cultures, preventing the develop- 
ment of the parasites , cultures of P gallinaceum 
are destroyed 

3 Paludrme which has been incubated with 
mmced liver has a similar pronounced anti- 
plasmodial action bi vitro 

4 These phenomena suggest that paludnne 
Itself is not active against plasmodia but that it 
can somehow be modified by the body or by hver 
cells, so that it becomes actively plasmodicidal 

Our thanks are due to Mr E C England and Miss 
J Barten for technical assistance 
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Conessme is a powerful local anaesthetic, but its 
use is limited since its injection produces inflam- 
mation which may be followed by necrosis Iso- 
conessme and neoconessine are isomers of con- 
essme and they also possess local anaesthetic 
actions It was therefore of mterest to compare 
their imtant action with that of conessme 

No method for comparmg the irntant action of 
different substances m animals has hitherto been 
desenbed and a method has been used which is 
m some respects similar to the gumea-pig skm 
test for diphtheria antitoxm and for old tuberculin 
In a preliminary experiment 0 2 ml of 1 m 50, 
1 m 100, 1 m 200, 1 m 400, and 1 m 800 solutions 
of conessme dihyclrochloride were injected mtracu- 
taneously mto a gumea-pig and the weals produced 
by the mjection were rmged with mk Durmg the 
next three days no effect was apparent at the site 
of injection of the 1 m 800 solution, while the 1 m 
4(X) solution produced only a very shght inflamma- 
tion The higher concentrations produced progres- 
sively greater effects and at 72 hours the site of the 
injection of the 1 in 50 solution was covered by 
scar tissue The fact that these concentrations 
produced an appreciable and graded response mdi- 
cated that a comparison could be made m this way 
In Order to compare the effects produced by the 
different substances, gumea-pigs were prepared by 
removing the hair from the back with electric clip- 
pers The back was marked out mto 6 areas, 3 on 
each side of the spme, and 0 2 ml of each of 3 con- 
centrations of one alkaloid (1 m 50, 1 in 100, and 

1 m 200) were injected on one side and the same 
concentrations of a different alkaloid on the other 
side In half the animals the solutions were in- 
jected m increasing strength towards the head and 
m the other half this order was reversed Each 
concentration of each alkaloid was mjected into 
6 ammals Inflammation appeared withm about 

2 hours and a first attempt to compare the effects 
was made between 2-4^^ hours after the injection 


Scores from 0 to 3 were awarded according to the 
amount of inflammation After 24 hours the 
inflammation was more marked and scar tissue 
was begmning to appear Estimates of the effects 
were agam made, the range of scores being in 
creased m accorclance with the increased effect 
After 72 hours the inflammation had largely dis- 
appeared and was replaced by scar Scores from 
0 to 6 were agam given to the different areas 
Two other observers also examined the areas and 
allotted scores to each Their results were similar 
to those already obtamed 

The mean result for each concentration of each 
alkaloid was plotted as an ordmate against the con- 
centration as abscissa (using a logarithmic scale) in 
Fig 1, m which the relation between the alkaloids 



Fio 1 — Graphs showing the estimates made by one 
person of the amount of inflammation and 
necrosis after the injection ot varying conc^- 
irations of conessme and its isomers (a) 2-4i 
hours after injection , (f>) 24 hours , (c) 72 hours 

is shown as estimated at (o) 2-4+ hours, (W 24 
hours, and (c) 72 hours after injection Fig 1 
shows that neoconessme causes slightly less inflam- 
matory reaction than the others, but the difference 
IS very small AU three substances begin to pro- 
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duce inflammation m a concentration of 1 m 200 
The smallest concentration producmg local anaes- 
thetic action IS m the range 1 m 6,400 to 1 m 3,200 
(Stephenson, 1948) , this, however, is a very shght 
degree of anaesthesia More is obtained in the 
range 1 m 1,600 to 1 m 800, which is still well 
below the concentration causing inflammation 
Solutions containing adrenaline — Procaine is 
commonly mixed with adrenahne, and its local 
anaesthetic action is greatly increased thereby It 
seemed possible that the local anaesthetic action of 
conessme might also be increased if adrenaline 
were mixed with it, and a companson was there- 
fore carried out in which solutions of conessme 
were compared with similar solutions containing 
adrenahne Six gumea-pigs were used, and the 
results obtamed by the method of Billbrmg and 
Wajda (1945) are shown in Table I 

TABLE I 

0 2 ml solution is injected mtradermally The arda 
IS pncked 6 times at 5, 10, 15, 20, 25, and 30 mm 
after injection The number of times there is failure 
to respond is observed ^d is shown below The 
maximum number of failures is 36 



Conessme 

Conessme + Adr 

Pig 




1 m 100,000 

No 

1 m 

1 m 

1 in 

1 in 

1 in 

1 m 


830 

1660 

3320 

830 

1660 

3320 

1 

36 

25 

15 

35 

34 

30 

2 

21 

20 

10 

29 

27 

20 

3 

29 

26 

27 

33 

20 

12 

4 

35 

22 

15 

35 

28 

15 

5 

35 

- 26 

26 

36 

28 

21 

6 

29 

20 

0 

35 

32 

25 

Mean 

31 

23 1 

15 5 

33 8 

28 1 

20 4 


Table I shows that the presence of adrenahne 
caused some mcrease m the duration of anaes- 
thesia produced by conessme, but less than that 
with procame The difference can be expressed by 
saying that the addition of adrenahne would enable 
a solution contammg 1 m 1,000 conessme dihydro- 


chlonde to act like a solution containing 1 in 700 

In view of the fact that the work of R D 
Haworth and Nazar Smgh (1948) indicates that 
conessme is a steroid, it may well be that it is less 
readily absorbed from the site of injection than 
procame Thus the fact that adrenahne does not 
so greatly intensify its local anaesthetic action 
within the pertod of 30 mm observation is not 
surprising 

Experiments were also made to observe whether 
the addition of adrenahne to a solution of con- 
essme would alter the irritant action of the solu- 
tion Solutions of conessme dihydrochloride con- 
tammg adrenahne 1 m 100,000 were compared 
with the same solution, without adrenaline The 
conessme solutions were 1 m 400, 1 in 200, and 
1 in 100 , each solution was injected on one side of 
the back of a gumea-pig and compared with the 
same solution contammg adrenahne on the other 
side Two animals were used, and m neither was 
any difference observed owing to the presence of 
adrenalme The 1 m 100 solution produced 
obvious inflammation, followed by necrosis The 
1 m 200 solution produced less inflammation and 
an induration at the site of injection 

Summary 

A method of makmg a quantitative comparison 
of two or more substances for local irritant action 
IS descnbed Conessme, woconessme and neocon- 
essme all begm to cause inflammation after mtra- 
cutaneous injection m a concentration of 1 m 200 
The local anaesthetic action of conessme is inten- 
sified when adrenahne (1 m 100,000) is present by 
about 40 per cent The presence of adrenahne 
does not affect the irritant action of conessme 

This work was done when one of us (R P S) was 
in receipt of a grant from the Therapeutic Research 
Corporation 
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The activity of a posterior pituitary extract is 
still generally determined by the method mtro- 
^uced by Dale and Laidlaw (1912) They used 
the uterus of a virgin gumea-pig, and the assay 
consisted in settmg hmits to the potency of the test 
solution in terms of the standard solution by the 
usual ABBA groupmg of doses The method 
suffered from three defects 

1 Suitable guinea-pigs were relatively scarce 

2 The assay often required many hours 

3 The error of the method was about 20 per 
cent (Gaddum, 1938) 

A different method of assay was described by 
Thompson (1944) He used the relationship 
between the dose of pituitary and the fall m blood 
pressure m the chicken which had been inves- 
tigated by Smith and Vos (1943) Thompson 
obtained results with very small errors and was 
able to*, assess the reliability of each result from 
the experimental data He claimed that the 
method was rapid and easy to perform There is, 
however, one drawback to the method It is pos- 
sible that the active prmciple responsible for the 
fall in blood pressure is not identical with that 
which makes the uterus contract Thompson him- 
self found a sigmficant difference between potency 
on the blood pressure and potency on the gmnea- 
pig uterus m 1 out of 17 parallel determinations 
and suggested that the blood pressure method 
cannot always be relied upon to estimate the 
oxvtocic activity 

It seemed best, therefore, to return to the 
original method of standardization usmg the 
isolated uterus as a test preparation Vanous 
modifications of the onginal method have recently 
been introduced Morrell, Allmark, and Bachinski 


(1940) used 8 strips of muscle which were cut 
from the same uterus and suspended m the bath 
together They showed that the percentage of 
stnps responding was related to the log of a dose 
of pituitary put into the bath By this measure- 
ment of “ all or “nothing ” responses Morrell et al 
obtained more accurate eshmations of oxytocic 
activity than previous workers, but they made no 
statement of the reliabthty of each estimate One 
estirnate of potency had an error of 35 per cent 
If this was associated with a high standard error 
for that particular determination the observer 
would have been wamed that the est.mate was un- 
reliable, but it was included in a table of results all 
of which were considerecf satisfactory As Bliss 
(1941) pomted out, “ a determmation of potency 
should always include an estimate of its error, com- 
puted as an' integral part of the assay ” Gaddum 
(1933) provided the basis for a biological assay 
which included an estimate of the precision of the 
result and showed that his formulae applied 
equally well to measured responses and to quantal 
data Schild (1942) published an account of a null 
hypothesis assay conducted on statistically sound 
principles His method has been followed almost 
completely to obtam the results in this paper 

Methods 

A modification of the classical method of Dale and 
Laidlaw was adopted 

The rats uterus was used as test preparauon since 
rats are cheaper and more easily obtained than guinea- 
pigs Moreover, Garcia de Jalon, Bayo Bayo, and 
Garcia de Jalon (1945) have shown that most rats 
utcn do not contract spontaneously in Lockes solu- 
tion in which the calcium and glucose concentrations 
are f and I respectively of the usual One horn 
of the uterus was suspended in a 10 ml bath in modi- 
fied Lockes solution One end was attached to an 
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isotonic and linear lever of Schild s (1947) design 
The lever was so arranged that the load on the uterus 
was about 12 g and the contractions were magnified 
four times It was equipped with a glass frontal 
writing point and its angular excursion was limited 
to 30° each side of the horizontal 

The bath was supplied with oxygen containing 5 per 
cent CO; , this was to ehminate possible changes of 
pH, but the CO; is probably unnecessary when the 
Locke’s solution is replaced at short intervals 

Non-pregnant white rats were used Their weights 
vaned from 120 to 200 g No record was kept of the 
position in the oestrus cycle of each rat Table I 
shoiis the variation which may be expected wathin a 
group of rats 

TABLE I 


Assay No 

No of 
rats ( 

f 

Spontaneous j 
contractions 

Remarks 

1,2, 3, 9 10 

' ^ i 

No 1 

■(Satisfactory 

5, 6,7 

2 1 

Yes, overcome 

j assays 

4 

1 1 

Yes, overcome 

■( Unsatisfactory 

8 


Yes 

/ assays 


1 ' . 

Yes 

Useless 


It will be seen that 6 rats were good, 2 poor, and I 
useless out of a total of 9 In practice the rats in assays 
4 and 8 would have been discarded after a short time 
The uteius in assay 4 produced only 12 contractions 
In assay 8 the uterus had so much spontaneous activity 
that It was obviously unreliable 


Performance of an assay 

1 The rat is killed by a blow on the head and bled 
out The uterus is removed and one horn is suspended 
in the bath and attached to the lever The tempera- 
ture must be constant at about 32° C 

2 Doses of pituitary shou'd be given without delay 
at regular intervals of 3 or 4 min Two doses must 
be found such that the contraction for the higher 
dose js at least twice as great as that fot the lower 
dose ^Dose ratios of 4 3, 3 2, 8 5, and 2 1 have 
been used (4 3 is the most common) In order to 
ensure linearity between response and log dose it is 
best to use contractions below 80 per cent of majumal 
(see Tests for Linearity below) 

If spontaneous contractions are troublesome they 
may sometimes be overcome by lowenng the tempera- 
ture or by reduemg the time between successive doses 
If the uterus is very insensitive (i e , will not respond 
to 0 05 unit) the sensitivity may sometimes be m- 
creased by raising the temperature 

3 The strength of the unknown must be guessed by 
matching it with the standard The error of the assay 
IS much smaller if a good guess is made 

4 The assay is now continued exactly as described 
by Schild (1942) for histamine assays Four doses 
are used, two of standard and two of unknown The 
ratio of high dose to low dose should be the same 
for standard and unknown Each dose is given once 
in each group of four doses and its position withm 
the group is decided by chance Fig 1 shows the 
record obtained in one assay The drum was turned 
on 15 sec before the dose was given The uterus 


60 




Fig 1 — An assay of pituitary The record 
shows thirty-two contractions of a rat’s 
uterus The contractions are responses 
to four different doses of pituitary A, B, 
C, and D each of which is given once in 
each group of 4 contractions There are ' 
eight groups in aU A = 0 05 umts, 

B — 0 04 umts, C = 0 064 umts, and D 
= 0 08 umts B and C were tr^ted as 
“standard ” A and D were treated as 
“unknown ’’ A D = B C = 5 8 
Estimate of unknown standard = 1 25 

True value unknown standard =2^ 

0 04 

= I 25 A dose was put mto the bath 
every 4 min and washed out after 45 
sec Weight of rat 140 g Temperature 
34°-36° C Load on uterus I 3 g 
Total expenmental time 4 hr 
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contracted for 45 sec , after which the drum was 
stopped and the bath was refilled with Locke’s solu- 
tion A and D were dilutions of the unknown, and 
B and C were dilutions of the standard , C was 
stronger than B in the proportion 8 to 5 The ratio 
of D to A IS the same as that of C to B 

TABLE n 


flights of contractions in mm =y 



Dose 

units 

log 

dose 

1 

2 

3 

4 

5 

6 

7 

8 

Sum 

D 



48 

60 

62 

61 

49 

'46 

62 

61 

398 

C 

0 004 

0 806 

43 

43 

38 

42 

48 

43 

44 

44 

346 

A 



21 

43 

17 

35 

28 

39 

37 

36 

266 

B 

0 04 

0 002 

21 

18 

16 

26 

16 

19 

14 

12 

141 

Qroup totals 

133 

154 

123 

163 

141 

146 

147 

142 

1139 


Results 

The results of this assay are shown m Table 11 

In Fig _2 the mean height of contraction in 
response to each dose is plotted against the log 



Fig 2 — Ordinates mean height of contraction m mm 
Abscissae logjo dose m units of pituitary White 
circles are the mean responses for high and low doses 
of standard, black circles are the mean responses for 
high and low doses of unknown The black squares 
J and tTb are the means of all the responses to 
stindaird and unknown S and U are the regression 
Imes relatmg response to log dose of standard and 
unknown The fines were (Sawn by eye M is the 
distance between the fines M= log unknown— log 

standard = log Graphically M =009 


standard 

unknown 

s-tH5d5?d = “"‘^'°e0 09 


1 23 


dose The “ null hypothesis ” states that there is 
no difference between the standard solution and the 
I unknown solution, and so the standard log doses 
are used in plottmg the"^ points for the tmknown 
Smee the unknown and standard contamed the 
same active piinCiple the two hnes loining the mean 
responses to high and low doses of each are 
parallel The hnes are the regression lines relatmg 
height of contraction to log dose, and they were 
drawn by eye to be the parallel Imes that fitted 
the points most nearly The regression coefficient 
b is the slope of each line An estimate of the 
potency of the unknown solution can be made by 
usmg the two regression Imes The horizontal 
distance {M) between the hnes is the difference 
between log doses produemg the same effect, and it 
IS therefore the fog of the ratio of unknown to 
standard By elementary geometry 

M 

b 

where yu and y* are the mean responses to 
unknown and standard respectively , if i is known 
M may be calculated 

An estimate of potency of a preparation does 
not give much information about the true potency 
unless it IS accompanied by a statement of its 
error The sunple graphical measurement of M 
as described above does not enable us to estimate 
the reliabihty of the estimate M , for this we need 
to calculate the standard error of M In order to 
do this M should be calculated rather than deter- 
mmed graphically, and its standard error must also 
be calculated The methods of calculation and 
analysis of vanance given by Schuld are simple and 
quick An example is given below When the 
method of assay is shghtly vaned, for instance, 
to include three dose levels of standard and of 
unknown, more complex methods must be used 
These may be found in any standard textbook of 
statistics, but are given particularly clearly by 
Fmney (1947) 


Calculation 

In order to determine M we must calculate the 
numerator and denommator of the expression 



1 From Table II T' = 


and = 


398 + 255 
in 

345 + 141 
in 


where n is the total number of responses , « = 32 
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2 When only 4 doses are used the equat’on 
for b is 

sum of responses to high doses — sum of 

responses to lo w doses 

^ " \n -x (log high dose - log low dose) 
With the data from Table 11 

( 398 + 345) - (255 + 141) 

“ \n y. d 

where d = log high dose - log low dose 
= log 0 064 — log 0 04 
= 2 806 - 2 602 
= 0 204 


The value of b will be needed later It is 
398 + 345 - 255 -141 
^ ~ 16 X 0 204 

= 106 3 


For calculation of M, however, it is simpler to u 
the above expressions, noticmg that occurs m 
numerator and denominator of the express on for 


M and so disappears 

[(398 ^ 255) - (345 +141)] X 0 204 
^ ~ (398 + 345) - (255 + 141) 

167 X 0 204 
347 
= 0 09811 


Unknown 

Standard 


= i? = ant log M = 1 25 


Since this assay was conducted with two dilutions, 
“ unkno\STi ” and “ standard,” of the same pituitary 

, , - , “ unknown ” 

extract, the true value of the ratio 3 t — 

standard 

= p was known The “ unknown ” doses of D 
and A were 0 08 umt and 0 05 umt respectively 
Hence 


_ p ^ A ^ ^8 _ 
C B 0 064 


In order to make a statement about the rehabil- 
ity of the estimate R, the standard error (s'jf) 
of M must be calculated This is obtamed from 
the standard deviation (s^,) of a smgle observa- 
tion (y) The standard deviation of a single 
observation — the error of the assay — can only be 
obtained through an analysis of variance which 
segregates vanation due to known causes from 
that due to the vanabihty of the preparation 


Table in shows that the sums of squares of 
deviations attributable to the vanation 


1 between groups (variation of the preparation 
with time) 


= K133= ^ 154- 


= 123= ^ etc) - 


1139 = 


182 


between standard and unknown 
= (398 + 255 - 345 - 141)= 


32 


= 872 


between high doses and low doses (regression) 
(398 - 345 - 255 - 141)= 


32 


= 3763 


4 between the slopes of the twox^g^sssion hnes 
(deviations from parallehsm) 

(398 + 141 - 345 - 255)= 


32 


= 116 


The sum of squares of deviations of all the 
obse^ations from the common mean = total sum 
of squares 


= (48= + 50= + 52= + etc) — 


1139= 

32 


= 5536 


When all the sums of squares due to known causes 
have been subtracted from the total the remainder 
IS due to the error of the assay This remamder, 
divided by its Degrees of freedom, gives the variance 
of a smgle observation according to the usual 
formula for standard deviation. The standard 
deviation of a single observation is the square 
root of the variance In the example the residual 
sum of squares of deviations = 5536 — 182 — 872 
- 3763 - 116 = 603 This had 21 degrees of 
freedom because from the total number (32—1) 7 
must be subtracted for the 8 different groups and 
one each for the other three known sources of 
vanation 


The variance j “ 


603 _ 


28 71 


TABLE III 


Source of 
\ anation 

Sum of 
squares 

Degrees 

of 

free- 

dom 

Vari- 

ance 

F 

j 

P 

1 Groups 

182 

7 

26 

1 1 

>0 03 

2 Standard and | 






unkno^\'n 

872 

1 

872 

30 

<0 01 

3 Regression 

3763 

1 

3763 

131 

<0 01 

4 Deviation from 






paraUeLsm 

116 

1 

116 

4 

>0 05 

5 Error 

603 

21 

28 71 



Total 

5536 

31 





F IS the vanance ratio, eg, for “ Deviation from 

paraUehsra” F = =4 A table of F 

for Hi = 1 and tij = 21 (where /n, iij are the 
degrees of freedom for “ Deviations from paral- 
lelism ” and for “ Error ” vanance respectively) 
gives P>0 05 This means that there is a proba- 


32 
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bility of more than 5 per cent that this deviation 
from parallelism would occur by chance and so 
- the slopes of the two regression lines are not sig- 
mficantly different The values given in the 
column P are the probabihties that such variation 
would occur by chance Thus there is less than a 
one per' cent probabihty that so great a vanadon 
between standard and unknown would have 
occurred had the unknown not been different 
from the standard The unknown is said to 
be sigmficantly different from the standard 
Similarly, the regression is significantly different 
from zero The variation between groups is not 
greater than would be expected by chance m more 

28 7 

than one m twenty expenments (Here F = 

26 

11 , _ larger mean square 

= 11 because F = ^ — and 

smaller mean square 

hence — 21 and = 7) 


The standard error of M 

The standard error of the estimate of M may 
be obtained fiom Schild’s formula 


a ( 

“ /i6*( 

In the example 


d- 


+ 1 



4 X 28 71 

"(0 09811)' 

32 X (106 3)’ 

_(0 2041) 


114 84 X 1 2312 
“ 361600 

= 0 0003909 

Jjf = s/'00003909 = 0 01976 


The fiducial limits of M 

The limits of the value of M are obtained from 
adding and subtracting the standard error of M 
multiplied by t The value of t depends on the 
degrees of freedom associated with the error sum 
of squares In the example there were 21 degrees 
of freedom, and so t is obtained from the table 
under n — 21 For a probabihty level of 0 05, 
=2 08 

X 2 080 = 0 0421 

M ± Si, X 2 080 = 0 0981 + 0 0421 

Hence the fiducial limits (P = 0 05) for M are 
0 0560 and 0 1402 

The limits for R are 

R, = antilog 0 0560 = 1 14 
R~ = antilog 0 1402 = US 
That IS to say, there is only one chance in twenty 
that these results would have been obtained if the 


true value of the unknown lay outside the limits 
1 14 - 1 38 

Now 1 38 - 1 14 = 0 24 and ^ = 0 12 

the approximate range of results is 
F + 0 12= 1 25 ± 0 12 _ , - 

0 12 

Hence the limit of error is ^ = 9 6% 

(This assumes that R, and R^ are equidistant from 
R, which IS not strictly true smce M, and M are 
equidistant from M, which is on a logarithmic 
scale, but the assumption is true enough for an 
approximate calculation of the limits of error) 

TABLE IV 


Assay 

Time 

n 

P 

R 

Ri 

R, 

£ 

s,/l> 

I 

5 

36 

I 25 

1 22 

0 97 

1 55 

26 

0145 

2 

4ir: 

32 

I 25 

1 25 

1 14- 

1 38 

0 

0 050 

3 

5 

32 

I 14 

I 10 

1 06 

1 13 

36 

0 018 

4 

2 

12 

0 80 

0 91 

0 81 

1 02 

14 

0 044 

5 

4 

24 

1 08 

1 10 

0 96 

1 25 

1 9 

0062 


3i 

24 

1 07 

1 09 

1 02 

1 18 

1 25 

0 034 

7/ 

3 

24 

1 07 

1 05 

0 96 

1 15 

1:25 

0 044 

8 

8 

24i-4) 

0 91 

1 06 

0 77 

1 56 

15 

0131 


2i 

20 

1 00 

099 

0 94 

1 04 

0 85 

0 022 

jo) 

2 

20 

1 07 

1 01 

0 96 

1 06 

58 

0 022 


Table IV mcjudes all of a recent senes of 10 
assays in order to show the variation which may 
be expected from a group of 9 rats Eight out 
' of these 10 assays were considered satisfactory 
Two assays (4 and 8) were unsatisfactory and in 
practice the results from them would have been 
subjected to further tests The uterus gave only 12 
contractions m assay 4 and then lost aU sensi- 
tivity In assay 8 the uterus had a great deal of 
spontaneous activity and the contractions were 
obviously unreliable The assays which are 
bracketed were performed on the two horns of 
the uterus from the same rat 
In assays 4-10 the true value of the ratio of 
unknown to standard (p) was unknown to the 
observer until after the results were obtained 
The columns R, R, and R^ show the estimate of 
p and the two fiducial limits (i?i and R ) calculated 
as descnbed above for P = 0 05 It will be 
noticed that p falls within the range R, - 
except in assays 3, 4, and 10, where it is just out- 
side the range Recalculation of Ri and R 
according to Schild’s equation for the exact limits, 
which is given in a footnote to his paper, did not 
alter the values It must be borne in mind, 
ever, that the statistical analysis is based on the 
assumption that all measurements are absolutely 
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accurate and the calculation of error does not 
include unavoidable errors in pipetting which occur 
during the dilution of the test soluUons Hence, 
an order to make a rehable statement about the 
potency of an unknowTi, the fiducial hmits should 
be extended by 4 per cent (this allows for 1 per 
cent error for each dilution) The figures in the 
column “ Time ” are the times in hours required 
for the experimental part of each assay and E is 
the actual percentage error m the estimate of 
potency 

The ratio of the standard deviation of a single 
response to the slope of the regression fine is shown 
m the last column of Table IV (s, / b) It is an 
inverse measure of the usefulness of the prepara- 
tion and for a satisfactory' assav (s^/fe) should 
not be much greater than 0 05 

Gaddiim s calculation 

Gaddum (1938) calculated the standard error 
of pitmtary assays performed by the method of 
Dale and Laidlaw He used only those qssays 
which were considered satisfactory and obtamed a 
value for the standard error of 7 73 per cent, which 
gave fiducial lixruts at 19 9 per cent (P = 0 01) 
If his calculation 's repeated with the results of the 
assays in Table IV, excludmg assays 4 and 8 for 
reasons given above and usmg p mstead of his 
mean estimated potency, the standard error is 
2 84 per cent and fiducial limits are at 9 4 per cent 
(for P=0 01 ^7 = 3 499), which is about half the 
value found by Gaddum for the original Dale and 
Laidlaw method 

The dose-response relationship 

The calculations and statistical analysis of the 
results are based on the assumption 'that the 
relation between response and log dose is exactly 
linear In fact, the cun'e relating response to log 
dose is sigmoid and approximates to Imearity over 
part of the response range Clearly it should be 
the aim of the observer to confine the responses 
of the uterus to this Imear part of the range Since 
the region of Imeanty vanes from one preparation 
to another it must be left to the observer to decide 
its position, but it has been found that for most 
uteri any responses less than 80 per cent of the 
rraxunal can be used 

Tests for linearity 

Assay No 1 was exceptional m that 6 different 
doses (3 standard and 3 unknown) were used 
Here a test of hneanty was possible without know- 
ing the true value of the “ unknown ” It showed 
that there was no significant departure from 
linearity The calculations for this assay were 


shghtly more complex than for the 4-dose assays 
and were performed as described by Finney (1947) 
The 6-dose design is not recommended for routine 
work because the experimental procedure is more 
comphcated and the time mterval between succes- 
sive doses may be too short for the additional 
diluting needed for 6 doses 

It should be realized, however, that the 4-dose 
design suffers from the defect that no test of Imear- 
ity can be applied from the data of a smgle assay 
The worker is safeguarded to a certam extent 
by the test for parallehsm The variance due 
to deviations from parallehsm would be s gnifi- 
cant if there were any senous departure from 
linearity and if M were not neghgible 

Table V shows the vanance ratios (F) for. devia- 
tions from parallehsm An F value smaller than 
that for F = 0 05 mdicates that the deviation was 
not significant In assay 9 the deviation from 
parallehsm was just significant In this assay the 
strengths of the unknown and standard were' 


TABLE V 


Assay 

Devia- 

tion 

from 

parallel- 

ism 

F 

F(F = 

0 05) 

1 F(F = 

001) j 

j 

Highest 

contrac- 

tion 

mm 

[ 

1 

Lowest 

contrac- 

tion 

mm 

1 

26 

' 249 


65 j 

2 

2 

14 

i 244 


52 

16 

3 

10 

244 


73 

3 

4 

34 1 

249 


i 61 

3 

5 

10 

, 244 


1 32 

15 

6 

1 5 i 

244 


35 

! 11 

7 

2 i 

i 43 


: 49 

1 

8 

15 1 

1 4 75 


85 

0 

9 

52 

1 4 75 ' 

[ 9 33 

80 

' 17^ 

10 

50 

244 ) 

1 

96 1 

11' 


exactly the same owmg to a lucky imtial guess of 
the potency Hence it was not possible to calculate 
the deviahon from linearity as was done by Schdd 
Howevep, the estimate of the potency of the 
“ unknown ” in assay 9 was a good one, which is 
m accordance with Schild’s concmsion that the 
method is relahvely insensitive to deviations from 
parallehsm The last two columns m Table V 
show the highest and the lowest contractions as 
recorded on the drum The maximum contraction 
was generally not recorded, but general expenence 
with the rat uterus preparahon indicates that most 
uten are capable of 100 mm contraction with the 
same apparatus, and so the figures m the table are 
approximate percentages of the maximum 
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Summary 

1 SchiJd’s null hypothesis method was applied 
to the assay of posterior pituitary extract accord^ 
mg to D^Ie and Laidlaw 

2 A rat’s uterus was used as the test prepara^ 
tion. 

3 One assay is described and the result is 
calculated by Schild’s method 

4 Six rats out of a total of mne could be used 
for satisfactory assays 

5 Eight satisfactory assays were performed 
The mean percentage error was 2 16 Fiducial 
limits for the estimate of potency were calculated 
The mean expenmental time of an assay was 
hours 


This work was done at the suggestion of Prof J H. 
Bum My thanks are due to Dr D J Finney and 
his staff for help in the calculations 
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SULPHYDRYL ADDITION COMPOUNDS OF SOME QUINONES 
AND RELATED SUBSTANCES IN THEIR ACTION ON 
THE GROWTH OF NORMAL CELLS 

BY 

E FRIEDMANN, D H MARRIAN, AND (MRS) I SIMON-REUSS 
From the Department of Radwtherapeiitics, University of Cambridge 

(Recc!\cd July 1 1948) 


We have reported recently (1948) that rpaleic 
acid produces m tissue cultures of chick fibro- 
blasts a mitotic inhibition of the same kind and 
of the same order as 2-methyl- 1 4-naphthohydro- 
qumone diphosphate, studied by J S Mitchell 
and I Simon-Reuss (1947) with the same biolo- 
gical matenal This sumlanty is easily under- 
stood if the substituted hydroqumone is degraded 
m the dividmg cell to a qumone, as the qumone 
molecule contains m its aliphatic part the residue 
of maleic acid The question therefore anses 
whether maleic acid and the quinones have pro- 
perties m common which may help us to under- 
stand the similanty of their antimitotic activity 
Maleic acid and the qumones excel by the ease 
with which they add other molecules Amongst 
the substances which are added the sulphydryl 
compounds play a prominent part, physiologically 
as well as chemically Their role m cell division 
IS well estabhshed by the mvestigations of Shearer 
(1922), Hammet (1930), Rapkine (1931), Ephrussi 
(1931), Chalkley (1937), Brachet (1940), and many 
others Cheimcally it has been shown that maleic_ 
acid adds thiolacetic acid, cysteme, and glutathione 
to give well-defined products Furthermore the 
reactivity of maleic acid towards -SH compounds 
permits its use as an inhibitor of — SH enzymes 
(Morgan and Fnedmann, 1938a, b, and c) On 
the basis of these results the retardation of mahg- 
nant growth by maleic acid (Brunschwig et al , 
1946) has been discussed The fixation of -SH- 
containing enzymes by qumone has been suggested 
by Potter (1942) as an explanation of the growth- 
mhibitmg action of azo dyes In the naphtho- 
qumone senes Fieser and Fieser (1944) emphasize 
the smooth addition of -SH compounds by naph- 
thoqumones in connection with their physiological 


activity Colwell and McCaU (1945) suggest that 
the mode of antibacterial action of 2-methyl- 1 4- 
naphthoquinone is a blocking of essential enzymes 
or essential bacterial metabohtes by its combma- 
tion with sulphydryl groups 

In our own experiments (1948) a paraUehsm 
between mitotic inhi bition and -SH uptake is 
apparent Thus maleic acid adds -SH com- 
pounds It is a strong antimitotic The trans- 
isomer, fumaric acid, and the methyl derivatives, 
citracomc acid and mesacomc acid, show no -SH 
uptake they are devoid of antirmtotic activity 
Naphthoqumone and its 2-methyl derivative easily 
add — SH compounds they are both strongly 
antimitotic 

The parallelism between mitotic inhibition 
and -SH uptake, manifested by maleic acid and 
the quinones, has been used by us as a startmg 
pomt for an experimental approach to the under- 
lymg problems 

As m tissue cultures the diphosphates of the 
hydroqumones and not the free qumones were 
apphed, a comparison between maleic acid and 
the qumones presupposes that the quinones have 
the same degree of antimitotic activity as the 
hydroqumones Lehmann (1942) has shown that 
this IS so Nevertheless we are fuUy aware that 
our choice is an arbitrary one It compels us to 
set aside the processes which lead from the diphos- 
phates of hydroqumones to the qumones, reactions 
which may be associated with physiological pro- 
cesses as important as, if not more important than, 
those connected with the qumone structure 

The naphthoqumones (I) and maleic acid (IV) 
behave somewhat differently with -SH com- 
pounds maleic acid forms saturated thio-etheis 
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of succinic acid (V), but the corresponding naph- 
thalene derivatives (II) are so easily oxidized by 
unchanged quinone that only thio-ethers of naph- 
thoquinone (III) can be isolated 


o_ 


X HSR' 



O 

II 


R 

SR' 


!> 

(lU) 


I, 

(I) 

0 

1 

HO^ ^CH HSR, 

HO CH 

(IV) 

Addition products of type (UD, where R = H or 
CHj, have been prepared from the quinone and 


CH, 

I 

CHSR' 


thiolacetic acid and glutathione Addition pro- 
ducts of type (V) have been prepared from maleic 
acid and thiolacetic acid, glutathione and cysteine 
The action of these substances on thb growth of 
normal cells has been mvestigated The present 
communication gives the results obtained so far 

Experimental 

The experiments were carried out on tissue 
cultures of chick fibroblasts The technique used 
has been described m our first paper (1948), to 
which we refer for details 

The values for mitotic inlubition and phase dis- 
tnbution obtained with the d^erent substances are 
collected in the Table The cytological description 
will be given by Mrs I Simon-Reuss in another 
paper 

/ S — (l 4-naph1hoquinonyl-2)-ihiolacetic acid 

(in , R = H, R'= S CH,CO,H) 

The Table shows that the addition of thiolacetic 
acid to 1 4-naphthoquinone has abohshed the 
strong antimitotic properties of 1 4-naphtho- 
quinone The phase distnbution has also become 
normal No abnormal mitoses have been observed 


TABLE 

Tissue culture chicken fibroblasts, hanging drop method, 4th passage, 24 hr c jltures, fixed in Susa, stained 

in Heidenhain’s haematoxylin 


Exp 

Molar 

cone 

Mitoses as 
% of mitoses 
of controls 

Per ent 
inhibition 

Phase distnbution ip % of mitoses_ 

Prophase 

Metaphase 

Anaphase 

j 

Telophase 

S-(l -NAPf 
1 

2 

3 

4 

5 

6 

7 

iraOQUINONYL-; 

Controls 

1 X 10 • 

3 X 10 » 

5 X 10 • 
Controls 

4 X 10 ' 

6 X 10 » 

l)-THIOLACETIC ACT 

94 6 ±54% 
102.8 ±91% 

98 6 ±82% 

99 3 ±24% 
996 ± 25% 

D (5210 mitot 

ic cells nvesti 

-14 0 

140 

137 

14 5 

144 

15 2 

15 6 

[gate 1) 

36 9 

43 1 

41 6 

42 3 

27 9 

45 1 

43 6 

89 

1 2 
72 
45 

1 7 

26 

25 

40 2 

36 7 

37 5 

38 7 

560 

37 1 
3S2 


s^l 4-naphthoquinonvl-2)-olutathione (9390 mitotic cells investigated) 


Controls 



— 

163 

39 2 

70 

2 X 10 ‘ 

993 ±78% 

— 

17 6 

36 5 

8 1 

4 X 10 ' 

100 9 ± 64% 

— 

17 7 

38 8 

79 

6 X 10 ‘ 

99 8 ± 77% 

— 

174 

38 9 

76 

Controls 

— 

— 

189 

22 1 

6 0 

2 > 10 * 

99 8 ±86% 

— 

11 ^ 

26 3 

43 

4 X 10-« 

998 ± 5 3% 

— 

160 

24 > 

5 6 

6 X 10-‘ 

990±45% 

— 

13 4 

26 1 

5 3 


37 5 

37 8 
35 6 
361 

53 0 

57 7 
53 8 
55 ^ 


s-{2-MErHYL-l 4-NAPHrHOQunsoNYL-3)-TfflOLACETic Acm (5545 mitoUc cells invesUgated) 

t ^ I n I 


2 . 

3 

4 

6 

7 


Controls 

— 

— 

17.5 

27 0 

66 

1 X 10 ‘ 

92.1 ±3 4% 

— 

17 2 

28 1 

5 9 

3 X 10 ‘ 

99 7 ± 60% 

— 

14 4 

32 8 

5 4 

5 10 « 

1105 ± 98% 

— 

13 9 

32 4 

5JZ 

Controls 


— 

14 0 

36 9 

8 9 

4 X 10 ‘ 

101 4 ±2.9% 

— 

17 7 

42.9 

3 7 

6 X 10 ‘ 

100 7 ±Z5% 

— 

16 5 

400 

3 I 


489 


402 


488 
474 
48 6 

35 7 
404- 
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Exp 


Molar 

cone 


Mitoses as 
% of mitoses 
of controls 


Per cent 
inhibition 


Phase distribution m % of mitoses 


Prophase Metaphase Anaphase Telophase 


s-(2-methyl-1 


2 

3 

4 

2 

4 

6 

8 

9 

10 


4-napiithoquinonyl-3)-glutathione (6291 mitotic cells mvestigated) 


Controls 

— 

1 x 10-" 

— 

3 X 10 ’ 

— 

5 X lO-’ 

899 ±3 9% 

Controls 

— 

2 x 10® 

441 ±30% 

4 X 10-' 

470 ± 1 5% 

6 X 10-' 

42 6 ±20% 

Controls 

— 

2 X 10-' 

445 ±40% 

4 X 10-' 

412±58% 

6 X 10-' 

443 ±34% 


. -- 

17 4 

34 5 


9 1 

623 


84 

60 5 

10 1 

17 2 

45 0 



18 0 

35 0 

55 9 

12 8 

36 9 

53 0 

17 1 

38 5 

57 4 

12 5 

33 9 



18 3 

1 36 5 

55 5 

18 1 

1 33 5 

58 8 

14 7 

48 0 

55 7 

11 6 

1 49 2 


49 

10 0 
95 
68 
17 

41 

84 

68 

58 

16 0 
3 6 
12 1 


43 2 

18 5 
' 21 7 

30 0 

45 3 

46 2 
35 9 
46 8 

39 4 

323 

33 7 . 

27 1 


s-THioLACETO-succiNic ACTO (5539 iTutotic cells mvestigatcd) f 



Controls 

■ 

— 

20 1 

36 4 

2.6 

2 

1 X 10-* 

93 9 ±77% 

60 

17 9 

38 4 

20 

3 

3 X 10 ' 

71J ±48% 

28 5 

19 7 

35 6 

3 9 

4 

5 X 10-« 

845 ± 68% 

155 

22 5 

38 6 

5 6 


Controls 

— 

— 

17 5 

28 2 

26 

6 

2 X 10-' 

960 ±28% 

40 

23 1 

21 2 

3 1 

7 

4 X I0-' 

70 8 ±24% 

29 2 

19 0. 

26 3 

23 

8 

6 X 10-' 

663 ±3 3% 

33 7 

18 3 

219 

09 

1 


s-CYSTEtNO-succiNic ACID (5081 mitotic cells mvestigated) 


1 

Controls 

— 

— 

223 

31 3 

' 1 3 

2 

1 X 10-' 

84 7 ±53% 

15 3 

19 9 

32 8 

06 

3 

3 X lO-® 

813 ±54% 

18 7 

19 6 

33 7 

05 

4 

5 X 10-' 

543 ±3 4% 

45 7 

14 1 

29 8 

1 7 

5 

Controls 



— 

19 8 

23 0 

22 

6 

2 X 10 ' 

68 3 ± 7 1 % 

31 7 

207 

21 7 

25 

7 

4 X 10-' 

68 3 ±59% 

31 7 

21 4 

24 2 

3 1 

8 

6 X 10-' 

375 ±3 1% 

62 5 

19 4 

16 5 

20 


409 

41 6 
40 8 
33 3 

51 6 

52 5 
52 4 
58 9 


45 1 

46 7 
46 2 

54 3 

55 0 

55 1 
514 
62 1 


s-GLUTATSiONO-succiNic ACID (7964 mitotic cclls mvestigated) 


1 

Controls 



— 

20 4 

19 2 

84 

52 0 

2 

1 X 10-' 

860 ±48% 

14 0 

16 1 

252 

90 

49 7 

3 

3 X 10-® 

73 5 ±55% 

26 5 

16 6 

29 1 

17 8 

36 5 

4 

5 X 10-' 

549 ±4 3% 

45 3 

13 3 

35 8 

8 1 

42 8 

5 

Controls 

— 

— 

14 9 

34 9 

46 

45 6 

6 

2 X 10-' 

70 1 ±66% 

29 9 

207 

409 

11 9 

26 7 

7 

4 X 10-' 

659 ±65% 

341 

160 

406 

72 

361 

8 

6 X 10-® 

557 ±61% 

448 

18 9 

28 0 

53 

47 6 


2 S—(l 4-napIit}ioquinoiryl-2)-glutathione (III , 
R=H, R'= SG) 

The substance gives no mitotic inhibition , the 
phase distribution is normal Abnormal cells have 
not been found 

3 S — (2-methyl-l 4-naphthoquinonyl-3)-thiolacetic 
aad (HI , R=CH„ R'=S CH=CO,H) 

Mitoses and phase distnbution are normal 

4 S — (2-methyl - 1 4 -naphthoqiimoriyl-3) - gluta - 
thwne an , R=CIL, R'=SG) 

The addition of glutathione to 2-methyl-l 4- 
naphthoqumone gives a product which has definite 

BB 


antimitotic properties Mitotic inhibition seems to 
start at 5 X lO"’^ M with inhibition of 10 per cent 
The mitotic mhibition increases with rising con- 
centration at 2 X 10*® M it IS 56 per cent This 
value seems to represent the maximum of mitotic 
inhibition, as further mcreases m concentration are 
not followed by greater mitotic inhibition The 
phase distribution shows features of mterest Dis-^ 
turbances m phase distnbution have been observed 
at 1 X 10-" and at 3 x 10*' M, i e at concentra- 
tions where no mitotic inhibitions are found in the 
24-hour tissue cultures Here phase disturbances 
precede mitotic inhibition In contrast, no phase ^ 


X 
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disturbances are to be seen in the 24-hour cultures 
when the mitotic inhibition reaches- its peak The 
phase disturbances consist m an accumulation of 
metaphases and anaphases and a loss of telophases 


S-fe-MtthvH 4 Noohtho<Winonvl-3-l olutothlorw: 
Phott <fetrg)Utlcio In */» ol total nltcutt. 
comoortd with mitotic Inhibition. 


O 10 203040506070009000 . J- 
u... Inhtnion 


CONTROL 
1 » lO'^M — 
3«IO'^M 
5« id^M t JTrxl 
P 


' ~ ' ~WK^77777X 

: 7 wpmmk 

M AT 


None 

Nooe. 

None. 

lO-A 


Fig 1 — Disturbances m phase distnbution 
preceding mitotic inhibition *> 


(Fig 1) Abnormal mitoses are present in the 
whole range of concentrations mvestigated, even 
at 1 X Kk’ and 3 x 10"^ M 


5 S ~ thiolaceto-sucamc acid (V, R= 

5 CH,CO,H) 

The substance has weak antimitotic properties 
At 6 X 10 * M the mitohc inhibition is only 33 7 
per cent The phase distnbution is ^parently not 
disturbed Abnormal mitoses are present in all 
concentrations investigated 

6 S — cystemo-succmic acid (V, R^SCHjCH 
(NH,)CO H) 

The mitotic inhibition of S- cystemo-succmic 
acid is more pronounced than the inhibition by 


o Male(c Ac(d 



Fig 2. — ^Parallelism of the concentration 
curves showing the mitotic inhibition 
of maleic acid and of S-glutathiono- 
succinic aad 


substance 5 At 6 x 10 ‘ M an inhibition of 62 5 
per cent has been found The phase distnbution 
is normal A few abnormal cells are present at 
all concentrations The small outgrowth of the 
cultures at the higher concentrations (5 and 6 x 
10'® M) has (o be mentioned ^ '' 

7 S — glutathiono-succmic acid (V , R=SG) 

The mitotic inhibition of S — glutathiono-succinic 
acid IS weaker than the mhibition produced by 
the cysteine adduct (substance 6) _ The inhibibon 
increases with nsmg concentrations The concen- 
tration curve follows a loganthmic hne when 
plotted agamst the log,, of the concentrations 
The graphic comparison with the corresponding 
Ime representmg the concentration curve of maleic 
acid shows that the two hnes take parallel courses 
(Fig 2) The phase distribution shows accumula- 
tioiL of metaphases and irregular anaphases , ab- 
normal mitoses are to be seen at all concentrations 

Discussion 

The expenments carried out with sulphydryl 
addition compounds of some quinones and of 
maleic acid, descnbed m this paper, deal with two 
groups of adducts which are different in the part 
of the molecule, apparently connected with their 
physiological activity The qiunones have given 
unsaturated addition products (UI) which can be 
regarded as derived from maleic acid, whilst the 
maleic acid adducts are saturated succinic acid 
denvatives (V) 

Mitobc inhibibon has been found in both 
groups Unsaturation of the adducts, therefore, 
does not seem to be the decisive factor determining 
their mitotic activities This result can be sup- 
ported by an mteresting analogy Lettr^ and 
Mohn (1946) have found that the dihydro- 
derivatives of diethyl stilboeStrol have antimitotic 
propefUes as well as the unsaturated diethyl stilb- 
oestrol On the other hand, v MbllendorfFs 
bbservations (1941) on male sex hormones show 
clearly that m other groups the unsaturation of the 
molecule is essential Only the unsaturated 
members of this group develop antimitotic pro- 
perties, whilst the' activity as male sex hormones 
is displayed by the saturated compounds as well 
The possible physiological transition of the sub- 
stances mvesbgated by us^ from saturation to um 
saturation or conversely must be kept in mind 
for further mvestigations 

The addition of SH compounds to maleic acid 
results m the formation of a centre of asymme^ 
in the adduct when thiolacetic acid is used for 
this reaction, or of an additional centre when 
cysteine or ^utathione are used We intend to 
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supplement our mvestigations by resolving S — 
thiolaceto — succimc acid mto its optical isomers 
and mvestigatmg their antimitotic activities S — 
cystemo — succinic acid seems to be formed under 
the stereochemically directing influence of L — 
cysteme (Morgan and Fnedmarm, 1938c) 

The results obtamed with the sulphydryl addi- 
tion compounds of 2-methyl-l 4-naphthoqumone 
are mterestmg m several respects The S — 
thiolaceto-denvative was completely inactive as 
an inhibitor of mitosis, whilst the glutathione 
denvative was active Here, clearly, the import- 
ance of the sulphydiy'l-carrying reactant comes 
to bght It has been stressed from the begmnmg 
m the maleic acid senes that the reactivity of the 
sulphydry'l group with the activated double bond 
IS different from case to case In the quinone 
senes the mterestmg results of Walsh and Walsh 
1^1948), showmg that hver hexosediphosphatase 
exhibited a much greater sensitivity towards 
quinones than did the other phosphatases, pomt 
-m the same direction 

The activity of the glutathione denvative of 
2-methyl-l 4-naphthoqumone as an mhibitor of 
mitosis, compared with the lack of antimitotic 
_ activity of the methyl free S — (1 4-naphtho- 
qumolyl-2)-glutathione, shows a new- feature of 
the methyl group So far we have seen that the 
mtroduction of a methyl group m the quinones as 
well as m maleic acid has been followed by a 
decrease of their antimitotic activity Now the 
ehmmation of the methyl group leads to a pro- 
duct which has lost its antimitotic activity 
Chemical analogy shows that the 2-methyl group 
exerts a distinct retardmg effect m the introduc- 
tion of substituents at position 3 by way of 1 4 — 
addition reactions (Fieser and Fieser, 1944, pp 737 
and 743), but there are exceptions where the 
presence of a 2-methyl group mcreases the 
reactivity 

The adducts of thiolacetic acid and of gluta- 
thione to 1 4-naphthoqumone were both mactive 
as antimitotic agents Other sulphydryl sub- 
stituents have not been mvestigated The different 
biological results obtamed by addmg thiolacetic 
acid or glutathione to 2-methyl-l 4-naphtho- 
qumone show that the possibihty carmot be 
dismissed that other -SH addition products to 
I 4-naphthoqumone may display antunitotic 
actinty 

The substances formed by the addition of thiol- 
acetic acid to some qumones are acids in which 
the sulphur is Imked ether-fashion If one re- 
places the sulphur by oxygen one comes m the 
aromatic senes to substances related to phenoxy- 
acetic acid These are known to be differential 


growth-mhibitors for plants It is claimed that 
their action is similar to that of colchicine (Arv'y 
and Lhoste, 1946) 

The examination of the reaction products of 
quinones and maleic acid with — SH compounds 
has been undertaken in order to see whether then 
action on mitoses would allow us to explain the 
parallelism between mitotic mhibition and -SH 
uptake, estabhshed experimentally The present 
mvestigation affords no clear solution of ^is 
problem From the seven adducts exammed three 
have exerted no rmtotic inhibition (1, 2, and 3) and 
four were active as mitotic mhibitors (substances 
4, 5, 6, and 7) Deahng with the same problem, 
Michael (1948) has found ummpaired physio- 
logical activity with the quinonoid fuscm after 
addition of thiolacetic acid On the other hand 
Kuhn and Bemert (1945), who mvestigated the 
inhibition of carboxylase, have shown that S- 
cystemo-p-benzoqu none, resultmg from the addi- 
tion of cysteme to p-benzoqumone, has lost the 
strong inhibitory activity of p-benzoqumone 
Furthermore, 2-methyl substitution m 1 4-naph- 
thoquinone decreases the antimitotic activity, 
whereas the introduction of a methyl group m the 
ortho position m ~S-derivatives of 1 4-naphtho- 
qumone mcreases the antimitotic activity of the 
new compound as shown m this paper 

Simple thiol addition compounds like those we 
have prepared and mvestigated may play no part 
in the mitotic inhibition induced by qumones or 
maleic acid No satisfactory evidence is avail- 
able to discuss other possibihhes 

Chemical Section 

1 5-(/ 4-naphthoqmnonyl-2)-thiolacetic acid - 

The substance was prepared followmg the directions 
given by Fieser and Turner (1947) for the prepara- 
tion of S-(2-methyl-l 4-naphthoquinonyl-3>thjo]acetic 
aad 1 4-Naphthoqumone (2 6 g ) was dissolved in 
warm alcohol (120 c c ), cooled to room temperature, 
and mixed with a solution of thiolacetic acid (1 5 g., 
113 c c , 1 mol quantity) m alcohol (4 c c ) After 
standmg overnight the dark solution was evaporated 
in vacuo when yellow plates appeared 

Yield 0 8 g, mp 173-5° (decomp) after softening 
at 164° (20 per cent yield of crude product) A 
portion (0 5 g.) was dissolved m a solution of sodium 
bicarbonate (05 g.) m water (25 cc) and well 
extracted with ether The aqueous phase was acidi- 
fied to Congo red with 5N sulphuric acid and the 
preapitated yellow gel was extracted with a large 
volume (500 c c in all) of ether The extract was 
washed twice with water, dned over sodium sulphate, 
and evaporated to dryness The crystalline residue 
was recrystalhzed from alcohol giving 0 35 g yellow 
plates m.p 1835° (decomp ) For analysis, the com- 
pound was punfied on a column of alumma, when 
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washing with methanol removed traces of a dark- 
coloured impurity S-(l 4-iiaphthoqumonyl-2)-thiol- 
acetic acid was eluted from the column with' aqueous 
bicarbonate, isolated after acidification and recrystal- 
lized twice from alcohol to mp 183 5 (decomp) 
Found (in matenal dried at 80° in vaci(o) C, 58 0 , 
H, 3 4 C.jHjOjS requires C, 58 1 , H, 3 3 per cent 

2 S-(I 4-naphthoqiiinonyl-2)-gIuIalhione 

The method descnbed by Fieser and Fieser (1944) 
was used for the preparation of this substance 1 4- 
Naphthoquinone (316 mg, 1/500 mol) was dissolved 
in warm alcohol (10 c c ) and cooled to room tempera- 
ture The solution was added at once to a solution 
of glutathione (307 mg , 1 / 1,000 mol ) in water (4 c c ) 
and alcohol (6 c c ) An immediate darkening 
occurred with the separation of a yellow solid, which 
"was left overnight at room temperature, filtered off, 
well washed with alcohol, and dried 

Yield 440 mg. yellow amorphous solid (95 per cent 
yield) Found (m matenal dned in vacuo at room 
temperature) C, 51 6 , H, 4 9 , N, 9 2 C „Hi,OgN,S 
requires C, 518, H, 4 6 , N, 9 1 per cent 

3 S-(2-nieth',l-l 4^iaphthoqutnonyl-3) thiolacetic actd 
Prepared by the method of Fieser and Turner 

(1947), except that after reduction by aqueous hydro- 
sulphite It was found more convement to re-oxidize 
to the quinone by means of 10 per cent aqueous feme 
chlonde containing 1/5 of its volume of 5N sulphunc 
acid 

4 S-(,2-nietlt}l-I 4-naplitlioquinonyl-3)-gliitatluone 
Prepared by the method of Fieser and Fieser (1944) 

in a yield of 86 per cent 

5, 6, and 7 S-thiolaceto-succinic acid (5), S-cysteino- 
siiccinic acid (6), and S-ghitathiono-siiccinic acid (7) 
have been prepared by Morgan and Fnedmann 
(1938a) The onginal substances analysed by these 
authors have been used for our expenments 

Summary 

1 Evidence is given that the mitotic inhibi- 
tion produced by some quihones and by maleic 
acid goes parallel with the -SH uptake of these 
substances 

2 S - (1 *4 - naphthoquinonyh- 2j - thiolacetic 
acid (1), S-(l 4-naphthoquinonyl-2)-glutathione 


(2), S — (2-methyl-l 4-naphthoquinonyl-3)-thiol- 
acetic acid (3), S — (2-methyl-l 4-naphtho- 
quinonyl - 3) - glutathione (4), S - thiolaceto - 
succmic acid (5),' S — cystqino-succinic acid (6), 
S — glutathiono-succimc acid (7), have been pre- 
pared and mvestigated m tissue cultures of chick 
fibroblasts Substances (1), (2), and (3) give no 
mitotic inhibition, substances (4), (5), (6), and 
(7) were inhibitors of mitosis 

3 The biological results are discussed 

4 Simple thiol addition compounds to quin- 
ones and maleic acid like those mentioned above 
seem to play no part m the mitotic inhibition 
induced by some quinones and by maleic acid 


One of us (E F) is indebted to May and Baker, 
Ltd , Dagenham, Essex, for financial support 
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The observation made by Sachs (1937), that 
mmute doses of acetylchohne would stimulate the 
beat of isolated hearts, has now been repeated 
by many workers (Spadolmi and Domim, 1940 , 
Rothberger and Sachs, 1938 , McDowall, 1946 , 
Haney and Lindgren, 1945) Of these Spadolmi 
and Dommi were the first to postulate that this 
action was due to the liberation of an adrenahne- 
like substance from either gangha or chromaffin 
tissue in the heart Hoffinann et al (1945) and 
McNamara, Krop, and McKay (1948) confirmed 
that an adrenahne-like substance is liberated from 
the heart muscle by acetylcholme 

In a previous paper from this laboratory (Bum 
and Vane, 1948), it was shown that if isolated 
rabbit’s auncles were exposed to the action of 
paludnne, then the mhibitory effect of acetyl- 
cholme was gradually changed to a stimulation 
This change was accompanied by a gradual reduc- 
tion in the rate and amplitude of beat Within 
7-38 mm after the paludnne had been added the 
beat of the auncles stopped, usually abruptly, and 
the auricles remained quiescent even when left m 
fresh Rmger-Locke solution for periods of up to 
an hour Durmg this time acetylchohne restarted 
the beat These observations have now been 
extended to include other acetylcholme-hke com- 
pounds and adrenaline 

Results 

The auricles of a freshly killed rabbit were dis- 
sected clean of fat and ventncular tissue , they 
were then suspended in well-oxygenated Rmger- 
Locke solution at 29° C , so that the contractions 
were recorded on smoked paper by a hght straw 
lever, an upstroke representing systole 

Acetyl-^-methylcholine — Fig la shows the nor- 
mal inhibitory effect of acetylcholine and acetyl- 
;8-methylcholme on the beat Paludnne (8 mg ) 
was added to the bath of 75 ml Rmger-Locke 
solution The amplitude and rate of beat steadily 
declined until they were about 60 per cent of the 
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Fig 1 — Isolated rabbit auncles (o) Acetylchohne 
(40 fig ) Acetyl-p-methylcholine (20 pg ) Between 
(a) and (b) paludnne (8 mg ) (b) Acetyl-p-methyl- 

chohne (40 pg) and (c) Acetylchohne (40 pg) 
Both caused stimulation The beat stopped 
(if) Beat restarted with acetylchohne (200 fig)' 
Stopped when washed out Restarted with acetyl- 
p-methylcholme (200 fig) Stopped when washed 
out (e) Restart^ with adrenaline (20 fig) Irre- 
gular beat, which stopped when washed out 
(/) Restarted with acetyl-p-methylchohne (100 fig) 
Continued beatmg regularly and with larger ampli- 
tude than when started with adrenahne (g) Stimu- 
lated by acetyl-P-methylchohne (100 fig) Dots 
above record indicate that the bath was changed to 
fresh Rmger-Locke solution 
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Fio 2 — Isolated rabbit auricles stopped by paJudrzne (8 mg) m 18 mm (a) Restarted with 

acetylcholme (50 p.g ) and stopped again with paludnne (8 mg ) in 4 min (b) Restarted with 
Bovet’s acetal compound (100 f4g) Stopped in 4 mm with piudnne (8 mg ) (c) Restarted 

with Bovet’s acetal compound (100 pg) Stopped when washed out (d) Restarted wth 
carbaminoylcholine (50 pg ) Irregular and slow after washing out Time 30 sec Dots above 
record mdicate that the bath was changed to fresh Rmger-Locke solution 


initial amplitude (Fig lb) At this point acetyl-/?- 
methylcholine caused a transient inhibition, fol- 
lowed by a stimulation, of the beat After wash- 
ing out, acetylcholine also augmented the beat 
(Fig Ic) There was no change m rate during 
these stimulations The bath was replaced by 
Rmger-Locke solution containing the same con- 
centration of paludnne , the beat of the auricles 
soon stopped The arrest was not gradual, but 
abrupt Both acetylchohne and acetyl-/3-methyl' 
choline restarted the contractions of the auricles 
(Fig Id) , these stopped when the fluid m the bath 
was changed to fresh Rmger-Locke solution 
Acetyl-j8-methylchohne was agam used to restart 
the beat (Fig If) It was allowed to act for a longer 
time than before (Fig Id), and when the bath 
was washed out the auncles did not stop beating 
but the beat became gradually much weaker 
Acetyl-/?-methylcholme once more stimulated the 
beat (Fig Ig) It has been repeatedly noticed in 
this, and in previous work, that if the substance 
which initiated the beat was removed within 90 sec 
of the first contraction, then the beat stopped 
almost immediately (see Figs Id and 2c) If the 
substance was allowed to act for a longer time 
(2—5 min ) then washing out only reduced the beat, 
and if the drug was left in the bath for more than 
5 min washing out had little effect on the beat 

Adrenaline — Adrenaline also restarted the beat, 
as IS shown in Fig Ic The difference between the 
effect of adrenaline and that of a choline deriva- 
tive (Fig 1/ acetyl-;8-methylchol nc) should be 
noted Contractions started with adrenaline 


quickly reached a large amphtude, but then dimin- 
ished to a small value When the contractions 
were started with an acetylcholine-hke compound, 
after the first few beats the amplitude of the con- 
tractions steadily increased to a much larger value 
than that obtained with adrenahne 
Bovefs acetal compound — Bovet (1944) intro- 
duced a new compound, which he claimed had 
the muscanne-like properties, but no mcohne-like 
properties of acetylchohne The formula of 
Bovef’s acetal compound is shown below 


CH 


r-Cl/ 


O— CH, 


\ 


O— CH— CH,- 


-N(CH',),}I 


Fig 2 shows that this, as well as acetylcholme, 
would restart the auricles which had been stopped 
with paludnne The auricles were started with 
acetylcholine (Fig 2a) but did not stop when 
washed out Paludnne was added again, and the 
beat stopped in 4 mm The bath was washed out, 
and then Bovet’s acetal compound restarted the 
contractions (Fig 2b) Paludnne agam stopped 
the beat m 4 mm. , Bovet’s acetal compound again 
restarted it This time the bath was washed out 
within 90 sec of the mitial contraction, and the 
beat stopped almost immediately 
Carbaminoylcholine — Fig. 2d shows that carb- 
ammoylchohne also restarted the contractions 
When the bath was changed, the beat became 
slow and irregular and did eventually stop 
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Choline — Choline restarted the beat 
Fig 3 shows the record of an experiment 
in whach acetylchohne (100 /tg) started 
the rhythm (Fig 3a) The bath was 
washed out twice and the contractions 
stopped in 4 mm ChoUne (5 mg ) had no 
effect, but cholme (50 mg) added 90 sec 
later restarted the beat (Fig 3 b) When 
the bath was washed out, the contractions 
agam stopped , they were restarted with 
acetylcholine (50 /xg ) 

Benzoylcholine — Benzoylcholine, which 
IS said to have only nicotme-hke proper- 
ties, failed to restart the contractions of 
the auricles 

Nicotine — ^Nicotine was added (1, 10, 
and 50 mg), but this did not restart the 
beat of the quiescent auricles After the 
mcotine had been washed out, two doses 
_ of acetylchohne (100 /ig) were needed to 
restart the contractions, the force of which 
was much weaker than before the nicotine 
(Fig 3c) The beat stopped when the 
bath was changed, but restarted agam 
with acetylcholme (100 fig) and became 
more regular on additon of acetylchoUn? 
(200 fig) Nicotine (0 5, 1, and 2 mg) 
also failed to restart the contractions 
of the auricles of which Fig 2 is the 
record 





I 


Atropine — Atrop ne (500 pg ) added to 
the bath (Fig 3c) made the beat irregular 
and the amphtude gradually decreased 
The rhythm improved, however, when 
more acetylcholme was added (1 mg ) 
The effect of atropme on auricles restarted 
with acetylcholme depended upon the 
time at wluch it was added If the atropme 
was added withm 90 sec of the imtial con- 


Fig 3 — Auricles stopped with paludrine (8 mg) in 26 mm 
(o) Restarted with acetylcholine ( 100 ) , stopp^ on washing 

out (b) Restarted with choline (55 mg ) , stopped on washmg 
out c Between (6) and (c), restarted with acetylcholme (50 pg ), 
but failed to restart with nicotine (1, 10, and 50 mg) 
Washed out (c) Acetylcholme (100 pg at 1 and 2), started 
beat, but not so well as m {a) Beat stopped when bath was 
washed out, restarted with acetylcholme (100 pg at 3) and 
improved with acetylcholme (200 pg at 4) Atropme (500 pg 
at 5) made the beat irregular and the amphtude decreased 


traction, then the beat stopped immedi- ' 

ately This is recorded m Fig 4 Acetyl- ^ 

cholme restarted the beat, which stopped 
when the bath was changed The con- 
tractions were agam started with acetylcholme, but 
stopped immediately atropme was added After 


The beat seemed to improve when more acetylchohne was 
added (I mg at 6) Time 30 sec Dots above record mdicate 
that bath was changed to fresh Rmger-Locke solution 


auncles were left for a further 20 mm The ampli- 
tude of the beat was then as shown at the begm- 


the bath had been washed out, although acetyl- of 5 Adrenalme mcreased the amphtude 

cholme did not restart the beat, adrenalme rate of beat to approximately the value 


did, and the contractions were unaffected by previous to treatment with paludrme, and at this 
atropme point acetylchohne (10 pg) inhibited both the 


amplitude and rate of beat Without any adren- 
Effcct of adrenaline on acetylchohne response — dime m the bath, acetylchohne (10 pg and 50 pg) 
The beat of the auricles was stopped with palu- had no effect on the amphtude, whilst acetyl- 
drine and restarted with acetylchohne After cholme (100 pg) caused a shght mcrease This 
10 mm the acetylcholme was washed out , the was accompanied by a decrease m rate The m- 
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Fio 4 — Isolated rabbit auricles The beat was stopped 
with paludnne (8 mg ) in 27 mm Aj Started with 
acetylcholme (50 /ng ) Stopped when washed out 
A. Restarted with acetylcholine (50 /j-s ) Stopped 
on the addition of atropme t500 fig at Bj) As 
Acetylcholme (50 ng ) failed to restart the beat, but 
adrenaline (20 tig) at C started the contractions, 
which svere unaffected by atropine (500 ng at Bj) 
Time 30 sec Dots above record mdicate that the 
bath was changed to fresh Rmger-Locke solution 



hibition with acetylchoUne (10 jag ) was repeated 
in the presence of adrenaline 

Discussion 

The possibility that acetylchohne has an in- 
tegral function in the mechanism of the heart 
beat has already been discussed in a previous paper 
(Bum and Vane, 1948) In this paper it was 
shown that when the beat of isolated rabbit 
auricles was stopped with paludnne, it could be 
restarted with acetylcholine It is mterestmg to 
note that Eurico-Paes and Soares (1940) found 
that chick-embryo heart-cultures which had ceased 
to beat could be restarted with a mixture of 
adrenaline and acetylcholme, but not with either 
drug separately, and that Smgh, Sehra, and Singh 
(1945) published a record of the resumption of 
contractions of a frog’s heart when acetylcholine 
was added 

It has now been shown that adrenahne and 
several acetvlcholme-hke compounds wiU also 
restart the beat of auncles stopped with paludnne 
That the mechanism of this resumption cannot be 
due to the release of an adrenaline-like substance 
(descnbed bj Hoffmann et al , 1945 , McNamara 


et al, 1948) is suggested for the following reasons 

(a) The release of an adrenaline-hke substance 
is a mcotme-Iike action of acetylchohne Nicotme 
did not restart the beat of the auricles , nor did 
benzoylchohne, which is said to have only mcotine- 
like properties Bovet’s acetal compound, how- 
ever, which he claims has no nicotme-hke act on, 
restarted the beat 

(b) When the" beat was restarted with adrenahne, 
in most cases the amplitude was mitiaUy stimu- 
lated, but then declined and remamed small 
(Fig le) Contractions restarted with acetyl- 
cholme-hke compounds, however, steadily in- 
creased to a large value (Fig If) 

As would be expected, atropme prevented the 
start of the beat with acetylchohne, but not with 
adrenalme If atropme was added to the auricles 
which had just started to contract under the influ- 
ence of acetylchohne, then the contrachons 
stopped , if the addition of atropme was delayed 
until about 5 min after the contractions had 
started, then it only slowed the beat or had no 
effect The same effect could be obtained by 
washing out , if the bath was washed out within 
90 sec of the first contraction, then the beat 
stopped , if the bath was not washed out until 
about 5 min. after the first contraction, then the 
beat contmued 

Thus the mechanism of contraction seems to 
be both mitiated by, and dependent upon, the 
added acetylcholme for the first few mmutes , the 
beat then becomes independent of the added 
acetylcholme This is mterestmg in View of the 
work of Abdon and his collaborators, who found 
that acetylchohne was present m the form of a 
precursor m cardiac tissue and suggested that there 
was a constant breakdown to, and reformation 
from, acetylcholme They postulated that this 
“ precursor was necessary for the contractions of 
the cardiac muscle ” (Abdon and Hammarskjbld, 
1944 , Abdon, 1945) 

After treatment with paludrme, the normal inhi- 
bitory effect of acetylcholme could be restored 
by first mcreasmg the force and rate of beat with 
adrenahne This suggests that the action of acetyl- 
cholme may depend upon the rate of metabohsm 
of the myocardium, or the actions of adrenaline 
and acetylchohne on the heart are interdependent 
after treatment with paludrme 

Summary 

1 Various drugs have been tested to find 
whether they will restart the contractions of 
isolated rabbit auncles, previously stopped with 
paludrme 
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Fig 5 — After exposure to paludnne the beat of the auncles stopped, but was restarted with acetyl- 
choline (100 fig ) This was washed out after 10 mm Auncles were left for 20 mm At Ai, 
adrenalme (20 fig ) mcreased the rate and amphtude Further adrenalme (20 fig at A2) had no 
effect, but acetylcholine (10 fig at Bi) cau^ inhibition of beat After washing out, thp 
amplitude returned to its previous value, and at this stage acetylcholine (10 fig at Bj and 
50 fig at Bj) gave no inhibition of amplitude, although the rate was decreas^ Acetylcholme 
(100 fig at B4) caused shght augmentation of amphtude After washmg out, adrenahne (20 fig 
at Aj) agam mcreased the rate and amphtude, acetylcholme (10 fig at B5) agam inhibited the 
beat. Figures along top mdicate rate of beat per mm Time 30 sec Dots above record 
mdicate that the bath was changed to fresh Rmger-Locke solution 


2 Of these drugs, choline, carbaminoylcholme, 
acetyl-/?-methylcholme, Bovet’s acetal compound, 
and adrenalme all restarted the beat 

3 The beat was not started by nicotine or 
benzoylcholme 

4 After treatment with paludnne the normal 
inhibitory effect of acetylcholme could be restored 
by first addmg adrenalme to the auncles 

5 The results are discussed 

I am deeply mdebted to Professor J H. Bum for 
his help and guidance throughout this work, which 
Mas earned out dunng the tenure of a grant from 
the Therapeutic Research Corporation of Great 
Bntain The paludnne Mas kindly supphed by 
Dr F L Rose of Impenal Chemical (Pharmaceuti- 
cals) Limited 
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Because excessive secretion of gastric juice is a 
common concomitant of ebronte peptic ulcem, 
vanous workers have looked for substances having 
an inhib tory action. The secretion of HCl, 
though partly controlled by the vagus nerves, is 
peculiar in being stimulated by histamme and m 
being not greatly affected by atropine The effect 
of atropine is desenbed differently by different 
observers (PoUand, 1930 , Atkinson and Ivy, 1937 , 
Gray, 1937 , King, Comfort, and Osterberg, 1944) 
It appears to be more effective m abohshmg the 
secretion produced by giving a meal than that pro^ 
duced by mjectmg histamine Davenport (1940), 
and later Rehm and Endow (1945), investigated 
the effect of sodium thiocyanate , when given 
intravenously to dogs in sufficient amount, it was 
found to inhibit the secretion of HCl completely 

Recently Babkin and Karp (1947) have observed 
that the two antimalarial substances quinine and 
mepaenne (atebnn), when injected mtravenously 
mto dogs, depressed the secretion of gastnc juice 
produced by stimulation of the vagus nerves The 
doses they used were large m relation to the doses 
ordinarily given to man , thus a dog of 10 kg 
received 0 2 g quinine bisulphate or 75 mg. mepa- 
crine When secretion was produced by the injec- 
tion of histamine, neither quinme nor mepaenne 
affected it 

Recently a simple method of examining sub- 
stances for an inhibitory action on gastnc secre- 
tion has been developed m this laboratory by 
Wood (1948) , cats are used, anaesthetized by 
cyclopropane or pentobarbitone (nembutal) The 
only essential point in which the method differs 
from that proposed by Lim (1923), and modified 
by Roth and Ivy (1944), is that histamme solution 
has been infused into the jugular vein at a uniform 
rate for penods up to 7 hours In order to obtain 
a uniform infusion, a pump designed and made 
by Dr E H J Schuster has been used, with which 
a reasonably steady secretion of gastnc juice has 


been obtamed The oesophagus was tied m the 
neck and not at the cardiac orifice, to avoid the 
vagi 

The action of paludhne 

Dunng the examination of the jiharmacological 
properties of paludrme, its effect on the secretion 
of gastnc juice was tested by this method When 
histamme was infused, the rate of secretion rose 
gradually until at the end of about H hours the 
amount collected m each 10 mm penod became 
fairly steady Sometimes 4 hours passed before 
the flow was steady At this point, while the hista- 
mine mfusioiT contmued, the effect of paludnne 



Fig I — To show the fall in the secretion of gastnc juice 
when 16 mg paludnne were injected The mean 
effect on the volume of juice in 9 cats is shown m 
each experiment the initial secretion has been 
the value 100 Abscissae time in 10 nun penoos 
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was examined by making an injection of a single 
dose intravenously, or else by infusing paludnne 
mtravenously It was found that paludnne m 
doses which had only a transient effect on the 
blood pressure diminished the volume of juice 
secreted for a period of 60-90 mm The results of 
nine experiments m which a smgle injection of 
16 mg paludnne was given were combmed so that 
the mean effect could be determined This effect 
IS shown graphically in Fig 1 , the volume of juice 
excreted per 10 mm durmg 30 mm. before palu- 
drme was injected is expressed as 100, and the 
volume fell to 60, after the mjection After reach- 
mg a minimum the flow gradually returned to its 
previous value, and the effect of paludnne could 
then be observed a second time Details of one 
expenment were as follows Histamine was m- 
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Paludnne infusion 


fused at the rate of 15 fig per mm. into a cat of 
3 2 kg under nembutal anaesthesia (25 mg per 
kg ) The rate of flow of gastnc juice was 2 6 ml 
per 10 mm durmg 30 mm , and after the injection 
of 16 mg paludnne it fell to 1 6 ml durmg 65 mm 
The rate then returned to 2 6 ml for a further 
60 mm. 

In four experiments the injection of 8 mg palu- 
drme caused a smaller mean reduction m the flow 
to 75 per cent of the mitial value 

When larger amounts of paludrme were given 
by slow infusion mstead of by single injection, the 
periods of reduced gastric secretion lasted until 
the termination of the experiment Fig 2 shows 
the mean effect of mfusmg 60 mg paludrme dur- 
mg 30 mm into 6 cats The graph records the 
change m the total free acid excreted The volume 
of juice per 10 mm. was measured , 1 ml of this 
juice was then titrated against A/50 NaOH usipg 
thymol blue as the mdicator The total secretion 
of free acrd per 10 mm was then calculated The 
imtial nse m secretion shown m Fig ,2 occurred 
m two of the six experiments for 20 mm , there- 
after there was a prolonged faU In these experi- 
ments, both the volume of juice secreted and the 
concentratio.n of free acid m the juice were re- 
duced The only effect the paludrme infusion had 
on the blood pressure was to cause an occasional 
mitial nse In four other experiments, doses of 
paludrme from 120 mg to 180 mg were infused 
Table I shows these results It can be seen that 
there was an mitial stimulation of the secretion m 
Exp 1 In these experiments, as in those recorded 
m Fig 2, the volume of juice secreted did not 
recover from its low value 



"T r 1 1 ) 1 1 r- 

Time m 10 min intervals 


Fio 2. To show the mean fall in total free aad m gastnc juice caused by intravenous infusion of 
60 mg paludnne into 6 cats In 2 expenments there was an imtial increase m secretion. 
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TABLE I 

EFFECT OF INFUSED PALUDRINE ON VOLUME OF GASTRIC JUICE IN CATS 


Exp 

Rate of hista- 
mme infusion 
fig Imm 

Paludnne 

mg 

Duration of 
mfusion 
^ min 

Gastric juice 
per 

10 mm mL 

Penod of 
observation 
mm 

Mean percentage 
to which volume 
of juice fell 

1 

15 



63 

63 




140 

52 

87 

20 

138 



9 > 1 

»> 

43 

no 

t8 

2 

15 



46 

30 




120 

100 

38 

1 

140 

82 

3 

15 



47 

60 




180 

90 

22 

160 

- 47 

4 

15 



1 7 

40 


1 

i 

120 

60 

05 

170' 

29 


In all experiments the rate of histamine infusion 
was usually 15 /ig per min, or more, throughout. 
Only in two expenments was it 10 /xg per min 
This IS a high rate of histamine mfusion, providing 
a powerful stimulus to secretion and a severe test 
for an inhibitory substance 
Paludnne consists of the biguamde molecule, 
substituted at one end with the p-chlorophenyl 
radical, and at the other with the isopropyl radical 
Compounds structurally related to paludnne were 
also tested to see if they would inhibit gastric 
secretion The first three compounds tested were 
biguamde, isopropyl biguamde, and di-isopropyl 
biguamde All were found to be inactive as shown 
by the results in Table 11 These results were 
obtained by expressing the total secretion for an 
hour after the drug was given as a percentage of 


TABLE II 

NON-INHIBITORY BIGUANIDES 


Substance 

Dose 
in mg. 

Total free acid for 

1 hr after drug as 
% of that for 1 hr 
before drug 

Average 

’Biguamde 

60 

133 



60 

91 

106 


60 

84 


/jopropyl- 

60 

140 


biguamde 

60 

106 

102 


60 

103 



60 

57 


1 

120 

' 89 


Di-liopropyl- 

60 

120 

107 

biguamde 

60 

93 



the total secretion of the hour previous to the 
adrmmstration 

In an effort to obtain a more quantitative esti- 
mation of the inhibitory power, the principle of 
the method recently descnbed by Howat and 
Schofield (1948) was adopted The mam differ- 
ence between this method and that previously 
used was that, instead of giving the test substance 
dunng a constant infusion of histamine, it was 
given between two periods of histamine infusion, 
each of 48 min duration. The second response 
was expressed as a percentage of the first, the 


TABLE m 

PALUDRINE AND RELATED COMPOUNDS / 


Substance 

Dose 

m- 

fused 

mg 

Total free aad 
expressed as % of 
ongmal value 

Aver-' 

age 

Paludnne 

60 

75 


(Ni-/>-chlorophenyl- 

60 * 

71 


Nj-/ropropyl biguamde) 

60 

17 


Nf/^chlorophenyl- 


66\ 

49 

Nj-methyl-biguamde 


32/ 




68 


Nr/’-cWorophenyl- 

80 



^ biguamde 

' 60 


1 yj 


60 



Ni-p-methoxyphenyl- 

60 


71 

biguamde 

60 

t>4 


Ni-/>-chlorophenyl- 

60 

141 

7g 

Nj-methyl-guamdine 

60 

70 1 



60 

23 
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TABLE IV 



figure being a measure of the inhibitory power of 
the test substance 

By this method, five more compounds were 
tested (mcludmg paludrme as a standard) The 
results of these experiments are shown m Table 
III The mean secretion of acid m three expen- 
ments m which paludnne was infused was reduced 
to 54 per cent of the ongmal value , by the first 
method, six experiments gave a mean value of 
64 per cent The results shown in Tables II and 
ni have been combined and arranged in order of 
activity, to give Table IV 

Discussion and Summary 

Extensive trials of paludrine m men have been 
made in testing its value against malaria, and it is 
known to be a well-tolerated substance A large 
dose produces gastro-intestinal symptoms m some 
individuals, and Hughes, Schmidt, and South (1947) 
have described how dogs fed on a diet containing 
paludnne become dismchned to eat It seems 
probable that these observations are related to our 
findmg that paludrme exerts an inhibitory action 
on the volume and acidity of gastnc juice evoked 
by histamme A similar compound in which the 
isopropyl group of paludnne was replaced by a 
methyl group was found to exert a sunilar effect 
Other related substances had less or no effect We 
have obsen'ed an imtial stimulatmg action m a 
few experiments, preceding the inhibition. This is 


probably an example of a prehmmary stimulant 
acbon preceding mhibition, which is commonly 
met in inhibitory drugs Thus the first effect of 
takmg atropme by mouth is to slow the pulse rate 
and cause the hands to become moist m most 
people , the later effect is of course the opposite 
Atropme appears first to stimulate and later to 
paralyse the cholinergic nerve endmgs in the heart 
and sweat glands 

We are greatly mdebted to Dr F L Rose, of 
Impenal Chemical (Pharmaceuticals) Limited, for the 
substances which we have exanuned The work was 
done while one of us (J R V) was m receipt of a 
grant from the TherapeuUc Research Corporation 
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THE EFFECT OF PALUDRINE ON GASTRIC 
SECRETION IN MAN 

BY 

J R VANE, J M WALKER, AND C B WYNN PARRY - 
From the Department of Pharmacology, Oxford 

(Received Jaly 22 1948j 


In order to investigate the effect of paludrme 
on human gastric secretion the followmg experi- 
ments were carried out on 9 students Each sub- 
ject, who had not taken food for at least four 
hours, had his stomach emptied by aspiration He 
was then given a meal of 450 ml gruel, and 
samples of gastiic contents were withdrawn every 
15 rmnutes for 2 hours The hydrochloric acid 
content of each sample was measured by titration 
against standard sodium hydroxide using thymol 
blue as indicator Three control experiments were 
first carried out on each subject m order to obtain 
his normal response 

Paludrme was given by mouth, either as tablets 
or in cachets, 2 or 4 hours before the test meal 
The only toxic effect was shght nausea m four 
subjects after the higher doses, and this passed 
off before the meal was given Results were 
assessed as follows (see Table I) The amount of 

TABLE I 


STUDENT H 

The figures in columns (ii)-(vii) are ml AVIO HCl 
per 100 ml gastnc juice 


(0 

1 00 

(111) 

Civ) 

(V) 

(vi) 

(vu) 


Controls 

Mean 

Paludnne 

Mm 




of 

09g. 

1 0 g 


1 

2 

3 

(Xin- 

4 hr 

2hr 





trols 

before 

before 

15 

0 

0 

8 

2.8 

8 

8 

30 

23 

15 

40 

26 0 

28 

22 

45 

43 

58 

4a 

47 0 

50 

48 

60 

67 

80 

80 

76 0 

83 

65 

75 

80 

78 

50 

69 3 

100 

53 

90 

73 

73 

58 

68.2 

80 

42 

105 

69 

32 

85 

6Z0 

53 

25 

120 

43 

— 

57 

50 0 

65 

37 

Mean 

49 7 

480 

52 2 

50 1 

58 4 

37 5 


HCl m each sample of gastric juice, expressed as 
ml N ! 10 HCl per 100 ml juice, IS set out in each 
column, and the mean of these figures is shown 
at the bottom of the column Mean figures of the 
three control expenments are given in column (v) 
The results after paludrme are given in columns 
(m) and (vii) and can be compared with those of 
the controls 

^Table II shows the results obtained on each 
student m this way It can be seen that when 
paludrme was given 4 hours beforeTiand (columns 
(vi) and (vu) ) there was usually no effect In one 
case, student J, the acidity was markedly increased 
When, however, 0 9-10 g paludnne was given 
2 hours before the test meal (columns (viii) and 
(ix) ) there was a decrease m' the gastric acidity of 
every subject but one The mean figure for the 
acidity of the samples when this dose of jiRindnne 
was given two hours before the test meal was 
23 0 ml per 100 ml juice This is 60 per cent of 
the mean figure of the control samples (38 l_ml ) 


TABLE n 

EFFECT OF PALUDRINE ON GASTRIC SECRETION OF HCl 

The figures are ml Af/IO HCl per 100 ml gastnc juice 


(i) 

(u) 

(m) 

(iv) 

(V) 

(vi) 

(in) 

(vui) 

(i^) 

Sub 

Controls 

Mean 

of 

Dose of paludnne 
Time before meal 

ject 




con 

trols 

0 3g 

09g 

0 9g 

1 Og 






4 hr 

4 hr 

2hr 

2 hr 

A 

20 

36 

10 

22 

28 

20 


8 

B 

46 

46 

30 

41 

37 

46 

13 

26 

C 

28 

39 

26 

32 

43 


27 

D 

62 

33 

33 

39 


29 



E 

46 

71 

73 

64 

37 

82 


47 

F 

18 

41 

46 

37 

36 

1 13 

14 

17 

G 

28 

49 

17 

33 



11 

H 

49 

48 

62 

60 


68 

37 

28 

J 

26 

26 

24 

! 26 

51 

54 


Mean 

34 5 

43 0 

34 6 

38 1 

38 0 

43 8 


23 0 
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Aa analysis of vanance of the figures m Table 
II shows that this reduction of acidity was highly 
significant (P=<0 01) by the vanance-ratio test 

Summary 

1 The effect of paludrme on gastnc acidity 
has been investigated by carrying out test meals on 
9 subjects 

2 A significant reduction m acidity occurred " 


when 0 9-1 0 g paludrme was given by mouth 
2 hours before the test meal 

We are grateful to the nme students who volun- 
teered to act as subjects m these expenments 

This work was done when one of us (J R V) v/as 
receiving a grant from the _ Therapeutic Research 
Corporation of Great Bntam , and when another of 
us (J M W ) was receivmg. a personal grant from 
the Medical Research Council 
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THE EFFECT OF PALUDRINE ON HUMAN GASTRIC 

SECRETION 

BY 

RICHARD DOLL* AND ROBERT SCHNEIDER 
From the Dietetic Department, Central Middlesex Hospital, London N W 10 

(Received July 22 1948) 


Bum and Vane (1948) have reported that 
paludnne depressed gastric secretion in cats after 
histamine stimulation This was worth mvestiga- 
tmg in man, as paludrme is comparatively non- 
toxic and a mhans of reducing gastric secretion 
might be of value m the treatment of peptic ulcer 
Doses of up to 1 5 g a day have been given 
Without producing serious toxic effects Abdom- 
inal discomfort, nausea, and vomiting have been 
noted by Fairley (1946) and Maegraith (1946) with 
doses of 1 0 g a day, and Fairley also observed 
diarrhoea and haematuria The toxic symptoms 
usually subsided without reduction of the dose 
as the malaria for which the paludrme was given 
was relieved 

We have studied the effect of paludrme on 
gastric secretion m man by two methods, giving 
it orally before a gruel test meal and mtravenously 
with subcutaneous mjections of histamine 
Twenty patients (11 men and 9 women) were 
given gruel test meals on two consecutive days, 
on one of which they received 1 0 g paludrme 
hydrochloride by mouth 2 hours before the meal 
began One man and one woman were excluded 
from the senes on account of achlorhydna m both 
test meals, and the tests could not be completed in 
two women who vomited after the paludrme The 
results in 16 cases are available for analysis 
Paludnne was given before the first meal in 
half the cases and before the second m the other 
half The resting juice was drawn off immediately 
before the meal was started, and samples were 
taken at half-hourly intervals up to two and a 
half hours The concentration of free acid after 
paludrme was compared with that of the sample 
drawn off after the same interval m the control 
meal The averaged results for the 16 cases are 
shown m Table I 

• v,*ocktiis a cnmt from the Medical Research Council 


TABLE I 

The effect of 1 0 g paludnne hydrochlonde on the 
concentration of free HCl after a gruel test meal 
Mean results for 16 patients 


Time 

CC A710 HCl per 
100 c c gastnc juice 

B— A 

4(^ft 

A 

Control 

B 

Paludnne 

ihr 

18 1 

77 

-104 

2 01 

1 hr 

30 8 

17 3 

-13 5 

217 

11 hrs 

37 7 

254 

.-12.3 

231 

2 hrs 

30 6 

255 

-5 1 

1 12 

21 hrs 

223 

237 

+ 14 

— 

Average 

_ 27 9 

19 9 

-8 0 

3 78 


Individual results varied from an mcreased con- - 
centration of acid after paludnne to the produc- 
tion, m four cases, of achlorhydna Considenng 
them as a whole, the average depression of free 
acidity after paludnne was 8 0 cc N/IO HCl per 
100 c c juice Applying the “ t ” test to the 80 indi- 
vidual differences between comparable specimens, 
the probability of obtammg such differences due 
to chance on the hyjxithesis that paludnne had no 
effect IS less Than 0 01 (r=3 78, « = 79) The 

depression can therefore be considered to be real 
If the results at each period after the start of the 
meal are considered separately a significant 
depression with paludrme was found at 1 anil 11 
hours (0 02 < P < 0 05), while after a half-hour the 
depression was just too srnall to be considered 
significant No effect was demonstrated at 2 and 
21 hours 

Repetition of the test meal had no effect on the 
acidity of the gastric secretion The average 
acidity of all the samj^es drawn off during the 
second meal was 0 3 cc N/IO HCl per 100 cc 
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less than the average of the samples of the first 
meal 

In contrast to the results with oral paludnne 
and gruel test meals, no effect was demonstrated 
when paludnne was given intravenously and 
gastnc secretion was stimulated with histamme 
subcutaneously , 0 5 mg histamme was given 
imhally, with a further 0 5 mg after 60 to 80 
minutes Doses of up to 400 -mg paludnne 
acetate were given mtravenously immediately 
before the second mjection of histamme The 
stomach was emptied at 10 mm. mtervals, and 
the effect of the paludnne was determmed by 

TABLE n 

The amount and concentration of free acid secreted 
in one hour after 0 5 mg histamme (1st hr ) and 
0 5 mg histamine S C and 400 mg paludnne LV 
(2nd hr ) 


Sub- 

ject 

Amount of free acid, 
cc A/IOHCI 

Average concentration 
of free acid, c c A/IO 
HCI % (v/v) 

1st hr 

'2nd hr 

1 

Differ- 

ence 

1st hr 

1 

2nd hr 

Differ- 

ence 

1 

2021 

155 4 

-46 7 

59 0 

59 1 

+0 1 

2 

203 0 

181 9 1 

-21 1 

67 9 

65 7 

-22 

3 

141 

19 9 

+5 8 

20 0 

- 37 0 

+ 17 0 

4 

254 7 : 

i 1 

323 3 

+68 6 

107 0 

113 2 j 

+62 


companng the amounts and average concentra- 
tions of free acid secreted m the hours following 
the first and second mjections of histamine The 
results in the 4 subjects given 400 mg are shown 
in Table 11 

The amount of paludnne given intravenously 
was small m comparison with that used by Bum 
and Vane in cats, but it was comparable with the 
oral dose which was effective m depressing acid 
secretion m response to a gruel test meal in man 
The reason for the conflictmg results is not clear 

Summary 

1 0 g paludnne hydrochlonde given 2 hours 
before the start of a gmel test meal produced a 
significant depression of more than 33 per cent 
m the concentration of free acid dunng the first 
H hours of the meal No cor^istent effect was 
observed with doses of up to 400 mg paludnne - 
acetate given intravenously on the gastric secre- 
tion in response to histamme 

We should like to express our thanks to Dr F Avery 
Jones, under whose direction the work was earned out, 
for his help and advice 
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THE ACTION OF ANTAGONISTS OF ACETYLCHOLINE 
ON THE VESSELS OF THE RABBIT’S EAR 

BY ' 

J H BURN AND N K DUTTA 
From the Department of Pharmacology Oxford 

~ (Recdved July 8 1948) 


Our interest in the work to be described began 
with an observation made m this laboratory by 
H W Ling, that when the vessels of a dog’s hmd 
leg were perfused with defibnnated blood contam- 
mg adrenalme, the in]ection mto the cannula of 
atropine sulphate caused vasodilatation and m- 
creased blood flow through -the leg The observa- 
tion led to an investigation of the vascular action 
of atropine by Bussell (1940), who found m the 
course of his observations that the constrictor 
action of adrenaline on the vessels of the rabbit’s 
ear, perfused with Locke’s solution, was abolished 
by atropme, though atropine did not affect the 
constrictor action of postenor lobe extract 
Since that work was done, fresh light has been 
thrown on the action of atropine by the work of 
Dawes (1946), who showed that it exerted a 
qumidme-like action on the rabbit auricles, and 
that Its properties were shared m varying degrees 
by other substances, includmg local anaesthetics 
such as procaine, and the analgesic pethidine 
These substances revealed themselves as antag- 
onists of acetylcholme, and a companson of the 
properties of some of them was made by de Elfo 
(1948) , a study of jheir effect on body tempera- 
ture was also madefy Dutta (1948) It remamed 
to investigate their vascular action and to observe 
in particular whether like atropine they would 
abolish the constnctor action of adrenaline in the 
\essels of the rabbit’s ear The substances used 
have been procame, pethidine (demerol), benadryl, 
quinidine, and atropine, though a few observations 
have also been made with antistin, anthisan (neoan- 
tergan) and woconessme Since Gowdey (1948) 
had observed that pnscol (benzj'limidazolme) 
re\ersed the action of adrenaline in the rabbit’s 
ear, we studied the effect of this substance also 


Methods 

All observaUons were made on the vessels of the 
rabbit’s ear perfused with Locke’s solution The 
method of Gaddum and Kwiatkowski (1938) was 
Used first m order to stimulate the postganghonic 
sympathetic fibres Later expenments were earned 
out by perfusmg the ear severed from the head accord- 
ing to the method of Rischbieter (1913) (onginally 
mtroduced by Bissemski) The outflow recorder 
desenbed by Stephenson (1948) was found well suited 
to record small changes in the diameter of the vascu- 
lar bed, which would not have been observed using 
the drop-timer 

Results 

The abolition of the vasoconstrictor action of 
adrenaline 

Injections of atropine sulphate, benadryl, pethi- 
dme hydrochloride (demerol), procame hydro- 
chloride, and quinidme hydrochlonde were found 
to diminish or abohsh not only the vasoconstnction 
produced by the subsequent injection of adrenaline 
but also that produced by sympathetic nerve stimu- 
lation These effects are illustrated in Figs 1 
and 2 In Fig 1 the effect of 200 jig pethidine 
was transitory, being present 2 pun after its injec- 
tion but absent 8 min later In Fig 2 the effect 
of 500 pg quinidme was still present, though 
fading, 28 mm after its injection C S Jang 
(1940)'' had previously observed that procaine 
antagonizes adrenalme and sympathetic nerve 
stimulation on blood vessels The amounts of the 
different substances required to reduce the effect 
of sympathetic nerve stimulation were m general 
the same as those required to reduce the effect of 
adrenalme, but this was not true for atropine 
Whereas 5 pg atropine abolished the effect ol 
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Fig 1 ^ — Rabbit ear perfusion using Gaddum’s drop-timer Vasoconstnction produced by 
sympathetic stimulation, after mjection of 200 (ig pethidme, one stimulation was without effect, 
the next stimulation was again eSective Vasoconstnction produced by 0 08 fig adrenaline, 
200 fig pethidme when mjected caused some vasoconstnction, the next mjection of 0 08 fig 
adrenalme was without effect, but the succeedmg injection produced augmented vasoconstnction 


TABLE I 


Adrenalme 

Histamme 


hydro- 

acid 

Vasoconstnction abolished by 

cUonde 

phosphate 

0 015 fig 

02 fig 

5 /xg pethidme hydrochloride 

10 ^ig 9 , ,, 

0 1 fig 

'0 5 fig 

0 5 mg procame hydrochloride 

001 fig 

0 2 mg ff yy 

4/tg benadryl 


0 01 fig 

0 02 fig „ 

0 075 fig 

0 2 fig 

30 fig qumidme hydrochloride 


0 3 mg „ „ 

0 015/ig 

0 2 fig 

4 fig atropme sulphate 

6 fig „ „ 


adrenaline, 2 mg was required to abolish that of 
sympathetic nerve stimulation 
Observations were also made on the vaso- 
constnction produced by histamine , this was also 
abolished by these substances The figures given 
m Table I illustrate the order of the amounts 
required to abolish the effects of adrenaline and 
of histamine Against adrenalme, atropme, 
benadryl, and pethidme were strongest, qumidine 
next, and procame weakest Against histamine, 
benadryl was strongest, then atropme and pethi- 
dme, and finally procame and qumidme weakest 
Anthisan (neoantergan) and antistm were also 
observed to abolish the constrictor action of 
adrenahne 



Fig 2 — Record as Fig 1 Vasoconstnction produced by 
0 013 fig adrenahne and also sympathetic stimulation 
IiyecUon of 500 fig qumidme caus^ vasoconstnction, and 
then stimulation was Uvice meffecUve Later 0 013 fig 
adrenalme caused much less \'asoconstnction than before, 
and stimulation a similar reduced effect 


The abolition of the vasodilator action of 
adrenaline 

The reversal of -the constrictor action 
of adrenahne to a dilator acUon by per- 
fusing priscol m a concentration of 0 2 
mg /ml (Gowdey, 1948) made it possible 
for us to examine the effect of these com- 
pounds on the dilator action of adren- 
ahne For these expenments we used 
Stephenson’s recorder We observed 
that atropme, benadryl, and pethidme 
abolished the vasodilator action , the 
effect of pethidme is illustrated m Fig 3 
We were not able to observe a similar 
action of procame and of qumidme 
because when mjected m the presence of 
pnscol they themselves caused vasodilata- 
tion, which made it difficult to determine 
the effect of adrenahne When, however, 
a succession of small doses of qumidme 
was mjected, it was possible to see 
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the constrictor phase was not wholly 
abolished, and the vasodilatation 
which followed was not so well 
marked as with the other substances 
The vasodilatation was nevertheless 
present, as shown in Fig 5 In one 
expenment we confirmed Rothlin’s 
observation (1925), that ergotamine 
reversed the action of adrenahne, 
smce we observed a reversal with 
ergotoxine 

Vascular action of benadryl, pethi- 
dine, etc / 

In the course of these experiments 
we observed that the injection of 
benadryl or of the other substances 
had an effect on the vessels In Fig 1 
the second injection of pethidine had 
a small vasoconstnctor effect and m 
Fig 2 the mjection of qumidine 


Fio 3 -Outflow record from ear using Stephenson’s recorder vasoconstnction All except 

VasoconstncUon due to 0 004 adrenaline (A) " Between t e atropine were found to cause con- 
two parts of the record pnscol was added to perfusion fluid (200 stnction, and we observed in addi- 

/ig /ml ), and adrenalme (0 008 ug ) at A then caused dilatation non that the constriction was 

At P, 10 /ig. pethidme hydrochloride was injected, and 0 008 ps reversed to dilatation when nnscol 

adrenaline was then twice uyected at A, it had no effect reversed to ailatauon wnen pnscoi 

was present in the jjerfusing fluid 
During perfusion with pnscol, 
that -the vasodilator action of adrenahne was atropme also caused dilatation These effects are 


reduced illustrated m Figs 6 and 7 (In one experiment 

m a freshly prepared ear, benadryl caused slight 
Substances causing adrenaline reversal vasodilatation in the absence of pnscol It seems 

We found evidence in the hterature that some to us probable that a dilator effect can be observed 
of the compounds we were considering reverse the with these substances at an early stage, but that ~ 
constrictor action of adrenalme Thus Wehland 


(1924) found that, in the perfused vessels of the 
frog, atropine reversed the action of adrenalme 
Further the observation of Murakami (1930) and 
Akamatsu (1933) that quimdme reversed the 
action of adrenalme on the blood pressure of the 
cat was supported by the evidence of Keogh and 
Shaw (1943), who found that qumine reversed 
the action of adrenalme but that reversal by 
quinid ne was more difficult to produce We 
therefore earned out experiments on the ear 
vessels perfused by Locke’s solution contammg 
qum*dme hydrochlonde (20 jig per ml ) and found 
that the constrictor action of adrenaline was 
reversed, as shown m Fig 4 A similar reversal was 
also obsers'ed when the perfusion fluid contained 
benadry'l (10 fig per ml ) or procaine hydro- 
chloride (200 fig per ml ) The effects of pethidme 
hydrochloride and of atropine sulphate were less 
clear, for when perfused in a concentration of 
10 fig per ml and 30 pg per ml respectively. 



4 — In the first part of the record, at A, 0 01 
adrenahne caused vasoconstnction 
two parts of the record, qumidine hydroOTlonqe vy^ 
add^ to the perfusion fluid (20 pg-luil ) and m ^ 
second part 0 05 pg adrenaline at A caused vaso- 
dilataUon 
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Fig 5 — Similar to Fig 4 Reversal of adrenalme (A) 
Action due to (a) benadryl perfused m concen- 
traPon 10 /xg /nil , (b) procame 200 /xg /ml , and 
(c) pethidme 10 /ml In (a) 0 005 /xg adrenaline 
was injected before and also durmg benadryl 
mfusion In (b) 0 01 /xg adrenalme before procaine, 
0 02 /xg adrenaline during procaine infusion In 
(c) 0 005 /xg adrenalme before pethidme, 0 01 /xg 
adrenahne durmg pethidme mfusion 

this gives place as perfusion continues to a con- 
stnctor effect, as with acetylcholine This requires 
further investigation ) 

Action of acetylcholine and histamine 
When the vessels of the rabbit ear are freshly 
prepared it is usual to observe that acetylchohne 
causes vasodilatation during the first 8 hours At 
the end of 24 hours, this dilator response usually 
changes to a constnctor response We observed 
that this constrictor action of acetjdcholine was 
also reversed to a dilator action when the per- 
fusing Locke’s solution conta ned priscol (0 2 
mg / ml ) This is shown in Fig 8 On the other 
hand the constnctor action of histamine was not 
reversed, though it was reduced by pnscol , thus, 
before adding pnscol to Locke’s solution for the 
perfusion, constnction was produced by 0 03 pg 


histamme acid phosphate , during priscol perfusion 
constriction was produced by amounts from 
0 25-1 0 [Xg 

Exceptional attions of adrenaline and histamme 
When adrenaline and histamme are injected 
constriction is the^ ordinary response in the freshly 
prepared organ. We have, however, observed a 
dilator response to adrenaline and to histamme 
exceptionally In one rabbit ear the vessels were 
in high tone when the perfusion began, and it was 
necessary to raise the Marnotte bottle to a height 
of 75 cm Gradually the perfusion became faster, 
but the resistance remained considerable and for 
several hours dilator responses ter adrenahne and 
histamme were consistently recorded, as well as to 
acetylchohne These responses are illustrated m 
Fig 9 Repeated control observations were made 
with Locke’s solution On the next morning, how- 
ever, the dilator responses had disappeared, and 
aU three substances caused vasoconstriction 
In another ear, when freshly prepared, it was 
observed that adrenahne caused constriction 
followed by dilatation of rather greater extent than 
the constnction, and did so after several mjec- 
hons Here again histamme also caused dilatation, 
though the effect 'Was very small 


Discussion 

Adrenahne is commonly described as a vaso- 
constrictor substance, histamme and acetylchohne 
as vasodilator substances Yet so long ago as 1918 
Dale and Richards showed that, when injected 
mto the vein of a cat anaesthetized with ether, aU 
three substances caused the expansion of the 
volume of a fully denervated hind leg, the expan- 
sion being accompanied by a fall m blood pressure 
Evidently, under the conditions desenbed, all three 
substances acted as vasodilators If, on the other 
hand, these substances are injected mto the Locke’s 
solution perfusing the vessels of the rabbit ear, the 
perfusion having continued for 24 hours, then each 
substance causes vasoconstriction. It is therefore 
clear that all three substances can act either as 
vasoconstnetors or as vasodilators, according to 
the conditions in which they are applied 

Some evidence suggests that the vasodilator 
effect of adrenalme, which has been observed only 
in vivo, may not be due to adrenahne itself but to 
the release of histamme by adrenaline Thus 
Staub (1946) has shown that the injection of adren- 
ahne causes a nse in the amount of h stamme m 
the blood It seems now reasonably certam that 
adrenahne has a direct vasodilator acUon of its 
own The observation of Rothlm (1925), that m 
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Fig 6 — Upper tracings show action of benadryl (B) 100 fig bcnadryl produced constnction, during 

perfusion with pnscol (200 fig /ml ), benadryl (10 /ig ) produced dilatation Lower tracmgs show action 
of pethidme (P) 2 /ig pethidme caused vasoconstriction, dunng perfusion with pnscol, pethidine 

(10 fig) produced dilatation 


the presence of ergotamine adrenaline dilates the 
vessels of the perfused rabbit ear, has been con- 
firmed by us using ergotoxme, and our colleague 
Gowdey (1948) has observed that in the presence 
of pnscol adrenaline dilates the vessels of the 
rabbit ear Dunng pnscol infusion the constnctor 
action of histamine itself was reduced but never 
reversed, so that the dilatation caused by adren- 
aline could not be due to histamine More 
important, however, is our observation that m two 
fresh preparations adrenahne produced vasodila- 
tation without the injection of any reversing agent 
In one of these the vessels responded by dilatation 
during 8 hours observation not only to adrenaline 
but to histamine and acetylcholme as well no 
other substance than these three was injected at 
an3' time , the perfusion with Locke’s solution was 
continued dunng the mght, and on the following 
morning the response to the injection of adren- 
aline, histamine, and acetylcholine had become 


constrictor In the second preparation the injec- 
tion of adrenahne caused an imtial constnction 
followed by dilatation , this was also observed 
several times In the course of 20 preparations 
a vasodilator action of acetylcholme has almost 
always been observed durmg the early stages of 
perfusion , but repeated vasodilator responses to 
adrenahne and histamine have been seen in two 
preparations only 

There is, as BUlbrmg and Burn (1948) have 
found, a steady change m the response of the per- 
fused vessels of the rabbit ear to the injection of 
acetylcholme , the response, which is at first 
dilator, becomes constrictor There may be a 
similar change m the response to adrenaline, for 
although the initial response is almost always con- 
stnctor the vessels become much more sensitive 
with continued perfusion so that at a later stage 
a given dose produces more constnction than 
before We have observed that this increased 
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^‘8 6 Upper tracings 50 atropme 
w 100 Mg atropine during, pnscol infusion 

Middle tracings 500 procaine (Pr) before and also dunng 
pr^l infusion Lower tracings 200 quinidine (Q) 
before, and 100 ^g during, pnscol infusion 


sensitiveness is reduced by perfusing a steady con- 
centration of acet^'lchobne through the vessels, so 
that we do not think that the increased sensitive- 
ness IS due to oedema 
The view that the dilator effect of adren- 
aline or histamine is exerted on a different 
part of the vessels from that where these 
substances produce vasoconstriction has 
long been held , such a view is less easy to 
hold w hen the system of ^ essels is as'simple 
as that of the perfused rabbit ear It seems 
at least equally probable that both effects 
are produced at the same site Adrenahne 
stimulates the smooth muscle of the iso- 
lated rabbit uterus, but in the presence of 
ergotoxme adrenaline causes relaxa- 
tion , in this tissue it is verj' unlikely 


that there are two sites of action and 
much more hkely that contraction and 
inhibition are produced at the same recep- 
tors Both stimulation and inhibition by 
adrenalme were observed by McSwiney 
and Brown (1926) in several other tissues 
m which the site of action for both effects 
was probably the same Recently Burn 
and Vane (1948) have demonstrated that 
acetylchohne causes both stimulation and 
inhibition m the isolated rabbit auncles 
after treatment with paludnne, and also 
m the isolated rabbit intestme and the 
isolated rat uterus These opposed effects 
presumably occur at the same site m each 
organ, and we therefore favour the view 
that the two effects of adrenalme in blood 
vessels are also produced at the same site 
The evidence is stronger that the dila- 
tor and constrictor effects of histamine are 
produced at different sites, though Bum 
and Dale (1926) observed that histamine 
caused dilatation of the perfused mesen- 
teric artery of the dog with its fine arterial 
branches, thus showmg that dilatation is 
not produced by histamine m capillaries 
only 

Our observations also indicate the close 
relation which exists between the action 
of acetylchohne and that of adrenahne on 
the blood vessels Substances such as 
atropme, pethidine, qumidine, benadryl, 
and procaine, which mhibit the constnc- 
tor action of acetylchohne, also inhibit the 
constnctor action of adrenalme m the 
rabbit ear The close relation is also 
shown by the observation that the per- 
fusion of priscol through the vessels 
reversed not only the constnctor action 
of adrenaline but that of acetylchohne as well 
Vasodilatation thus produced by adrenaline was 
reduced or abohshed by a preceding injection of 



Fig 8 — Rc\ersal of constnctor acUon of acetylchohne by 
pnscol 10/ig. acetylcholine before, and 100 ^tg. acetylchohne 
during, pnscol infusion 
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substances caused vasoconstnction m this preparation 
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substances like benadryl, pethidine, and atropine - 
MoUer (1937) has observed that procaine con- 
stncts the vessels of'the rabbit ear, and we found 
that large doses of benadryl, pethidine, and qumi- 
dine also cause vasoconstrictioa , these constnctor 
effects are reversed like that of adrenaline by per- 
fusing the vessels with pnscol It was surpnsing 
to observe that quinidme reversed the vascular 
acbon of adrenaline like ergotoxme We per- 
formed the experiment because Keo'gh and Shaw 
(1943) described an adrenahne reversal m the cat 
under nembutal anaesthesia foUowmg the mjection 
of qiumne Havmg observed an adrenalme re- 
versal by quimdme in the vessels of the rabbit 
ear, we proceeded to test the other substances m 
the same way, and found that when these are 
perfused In constant concentration through the 
vessels, the constnctor action of adrenalme is 
reversed by benadryl, procaine, and even pethidme, 
though the mitial phase of the constnctor action 
is not completely abohshed by pethidme The 
substances which reverse the action of adrenahne 
have been hitherto regarded as a group apart, but 
our findings mdicate that the properties first 
described for ergotoxme are properties shared by 
substances as dissimilar as qumidme and benadryl 
These additional observations that benadryl, 
procaine, pethidine, and quimdme are themselves 
constnctor substances which, like adrenalme or 
acetylcholine, are reversed m their vascular action 
by pnscol suggests that when they inhibit the action 
of adrenalme or acetylcholine they do so because 
of their adrenaline-hke or acetylchohne-hke pro- 
perty , that IS to say, the inhibition is due to 
competit on for the same receptors 

If it IS true that they compete for the same 
receptors, how is their ergotoxme-hke property to 
be explained The constnctor action of adren- 
alme IS, of course, a motor effect, and the dilator 
action after ergotoxme is an inhibitor effect Bum 
and Vane (1948) have suggested that with acetyl- 
cholme the transition from a motor to an inhibitor 
effect always occurs when excess of it is present 
Such an explanation may apply to adrenahne If 
the addition of benadryl or pethidme simulates the 
addition of a maximal amount of adrenalme, then 
the further addition of adrenalme would cause 
inhibition 

Summary 

1 Earlier work has shown that a group of sub- 
stances which includes atropine, benadryl, pethi- 
dine (demerol), procaine, and quimdme have the 
common property of antagonizing the action of 
acctylchohne Experiments on the perfused 
\esscls of the rabbit's ear have now showm that 
these substances will also inhi bit the constnctor 


action of adrenalme and sympathetic stimulation 

2 When the constnctor action of adrenalme is 
reversed by pnscol, these substances, which mhibit 
the action of acetylcholme, also inhibit the vaso- 
dilatation caused by adrenahne 

3 These substances, when perfused through the 
vessels, exert an action hke that of ergotoxme or 
pnscol , they reverse the constnctor action , of 
adrenalme 

4 These substances cafi themselves exert a con- 
strictor action on the vessels, and this constnctor 
action, hke that of acetylcholine seen m the rabbit’s 
ear vessels after 24 hours, is reversed under the 
influence of pnscol 

5 In occasional fresh preparations, the injec- 
tion of adrenalme regularly causes vasodilatation , 
though after several hours’ perfusion with Locke’s 
solution, the injection causes vasoconstnction 

6 The constrictor action of histamine m the 
rabbit ear vessels is abohshed by the substances 
which abohsh that of adrenalme Pnscol does not 
reverse the action of histamine In occasional fresh 
preparations, histamme causes vasodilatation 

7 The view that adrenahne has a dilator action 
of Its own IS discussed 

8 The view that adrenaline dilatation and con- 
striction are produced at the same site is discussed 

9 The similarity m the action of adrenahne 
and acetylcholme is emphasized 

10 The evidence is considered to support the 
theory of drug action by competition, and to 
suggest the mechanism of adrenahne reversal 

This work was earned out by one of us (N K 
Dutta) during the tenure of a grant from the Health 
Department, Government of India 
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ACTIONS OF SODIUM AZIDE 

BY 

J D P GRAHAM 

From the Department of Materta Medica, University of Glasgow 
(Received Jidy 23, 1948) 


Hydrazoic acid or azoirmde is a colourless 
liquid with explosive properties which sohdifies at 
— 80° C and boils at 37° C Azomnde gas has a 
characteristic pungent odour First prepared by 
Curtius (1890) it is a tnazo compound in which 
a complex of three mtrogen atoms acts as a monad 
radical Hendricks and Pauhng (1925) showed 
that the Nj ion is constituted N^N^N m chain 
form Hydrazoic acid is a feebly dissociating 
acid Smith and Wolf (1904) showed that it was 
toxic on inhalation by small animals, causmg a 
fall in blood pressure, tachycardia, and stimula- 
tion of respiration, and that m solution it paralysed 
preparations of isolated frog muscle Biehler 
0927) observed that the gas was a convulsant m 
frogs, and Hfldebrandt and Schrmdt (1937) ex- 
tended the observation to cats and also noted a 
stunulant effect on gut Stem (1927) and Kocher 
(1930) descnbed acute collapse m human bemgs 
from mhalation of the gas, and Graham, Robert- 
son, and Rogan (1948) studied symptoms of hypo- 
tension in a group of workmen exposed to the 
fumes of azoimide intermittently over a penod 
of years Hydrazoic acid forms explosive salts 
with heavy metals, the lead salt being used as a 
detonator Fairhall, Jenrette, Jones, and Pritchard 
(1943) have discussed the hazards of this substance 
as an industnal poison 

The azoimide salt of sodium is stable, neutral 
and fully dissociated m solution (West, 1900) 
Loew (1891) published an account of expenments 
on the toxicity of sodium azide, in which he 
showed that approximately 40 mg /kg was lethal 
to mice, while 30 mg killed a dog in 104 mm from 
respiratory failure and cramp Smith and Wolf 
(1904) show'cd that sodium azide had the same 
effect as azoimide in lowering blood pressure 
stimulating respiration and increasing the rate of 
the heart They found that the isolated perfused 
heart of the rabbit was inhibited by a concentra- 


tion of I in 90,000 Further observations have 
been reported by Graham (1948) 

Most recent -work with the azide fadical has 
been confined to the investigation of the effect of 
sodium azide on cellular respiration Keilm 
(1936), Kedin and Hartree (1934 and 1935), and 
Stannard (1939) have shown that azide interferes 
wnth cellular metabohsm by inhibitmg the oxida- 
tion processes m which cytochrome plays a part , 
It also inhibits mdophenol oxidase and hver 
catalase, but not glycolysis The salt is fungistatic 
and forms a compound with methaemoglobm in 
vitro but not in vivo 

Toxicity 

‘The LD50 m groups of white mice was found 
to be 28-34 mg /kg by mtrapentoneal mjection, 
19 mg /kg intravenously, and 27 mg /kg by 
mouth The LD5 i p was 23 7 mg /kg The 
LD50 of sodium mtnte was 168 mg /kg and of 
potassium thiocyanate 600 mg /kg measured at 
the same time According to Fairhall et al (1943) 
the LD75 of NaN, for rats is 75 mg /kg ip 

Mice, rats, gumea-pigs, and rabbits injected with 
sodium azide by the oral, subcutaneous, mtra- 
muscular, mtrapentoneal, or mtravenous routes 
all showed similar symptoms, which varied only 
in degree and rapidity of onset with varying 
dosage levels of the salt Sublethal doses caused 
a preliminary stimulation of respiration and might 
give nse to clonic convulsions This phase was 
accompanied by increased unnation and passage 
of faeces and was followed by a prolonged penod 
of collapse such as is seen with mtnte and thio- 
cyanate Deatt occurred quietly with azide if the 
dose w'as such as to delay the termmation for 
some hours, but if the dose was overwhelming 
death occurred acutely m convulsions In these 
circumstances mice and rats assumed a character- 
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istic death posture with the head flexed, the fore- 
Jirabs flexed and pronated, and the tail and hind 
limbs extended 

Cardiovascular System 

Systemic blood pressure — Small doses of 
sodium azide caused a sharp transient fall m 



Fig 1 — Cat i 3 4 kg Chloralose. 80 mg /kg i v Upper 
line respiraUon (stethograph lever), next line carotid 
blood pressure, injection signal and drum stop (S), 
base Ime for zero blood pressure and time m 30 sec 
Transient fall m blood pressure and stimulation of 
respiraUon occurs on each mjecUon of 2 MS NaNj 
at intervals of 5 mm The ^ect on respiration is 
mirumal the effect on blood pressure mcreases on 
repeUtion 

arterial blood pressure in cats and rabbits, the 
former being more sensitive than the latter The 
amount of this fall depended on the initial level 
of the blood pressure, the anaesthetic used, and 
the dose of azide given Cats were most sensitive 


when anaesthetized with ether and given aqueous 
hydrazoic acid mtravenously under these con- 
ditions a fall of blood pressure of about 60 mm 
Hg was observed with 0 5-10 /ig HN, per kg 
In rabbits under urethane 5-100 /ig HN,/kg was 
needed to produce a similar effect 
If the dose of sodium azide given intravenously 
to cats was small (1 0 /ig /kg or less) the response 
increased with repetition until it became constant, 
and the pressure did not return to its former level 
between doses (see Fig 1) If the mitial dose was 
larger (or m rabbits) this early increase m response 
with repetition of doses was not seen 

There was no diminution of response to re- 
peated mjections of sodium azide (5-15 /ig /kg ) 
so long as the blood pressure was permitted to 
return to its mibal level between doses If the 
time mterval between administrations of the azide 
was shortened or the dose given at the same mter- 
vals of time was mcreased, the blood pressure did 
not return to its ongmal level In such circum- 
stances the effects of repeated doses of azide de- 
creased and might be extinguished As soon as 
time was given for restoration of the pressure 
approximately to its initial level the full effect of 
the ongmal dose of azide was restored This 
relationship between the inihal level of the blood 
pressure and the response is illustrated in Fig 2 
The fall m blood pressure resulting from 
admmistrabon of small doses of azide to cats or 
rabbits probably results from a direct action on 
the smooth muscle of the blood vessels It 
occurred m anaesthetized eviscerated animals 
after atropme and vagotomy, after benadryl, and 
after excision of the carotid sinuses and adrena- 
lectomy, and m spmal cats similarly prepared The 
effect was not modified by previous injection of 
esenne or mcotme Records of the volume of 
the spleen and foreleg showed a decrease in the 
volume of both accompanymg the fall in pressure, 
but m three preparations out of ten the spleen 
dilated actively Perfusion of the hmd limbs of 
the rat through the aorta with a saline solution 


Ro 2 — Cat iJ 3 2 kg Chloralose, 80 mg /kg i v 
Upper line caroUd blood pressure, middle Une 
time m 2 min , lower line zero blood pressure 
and mjection signal 50 ng NaN^ m 0^ ml 
water was mjected quickly at each signal 
Nos 1-3 were given at 15 mm*mtervals, 
nos 4-6 at 5 mm mtervals nos 7-10 at 
2 mm mtervals, nos 11-15 at lesser mtervals 
Between nos 15 and 16 an mterval of 45 mm 
The degree of response to azide is related to 
the initial level of blood pressure 
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under constant pressure and recordmg of the 
volume of the venous effluent showed that azide 
mcreased the rate of flow as a result of vaso- 
dilatation 

If the dose of sodium azide mjected into cats 
was mcreased to 10-20 mg /kg a rise m blood 
pressure occurred m the majonty of ammals, 
though some reacted with a severe and prolonged 
fall m pressure The rise m blood pressure 
usually obtamed was ritjt modified by excision of 
the carotid smus area or vagotomy. It was 
abohshed by previous excision of the adrenal 
glands or by blockmg agents such as dibenamme 
and dihydroergotamme That the stimulation of 
the adrenals is an mdirect one was proved by 
failure to repeat the effect after bilateral splan- 
chnic nerve section and by the failure to obtain 



Fig 3 — Cat 5 3 2 kg Ether, chloralose 80 mg /kg Upper 
line carotid blood pressure, middle Ime zero blood 
pressure and injecUons, lower Ime time m 10 sec 
Preceding the records shown the cat received 10 mg 
NaNj/kg 1 V (with effect as m A), and bilateral 
excision of the carotid smuses At 1 repeat of 
10 mg NaNj/kg givmg prolonged nse m blood 
pressure Between A and- B bilateral splanchmc 
nerve section At 2 adrenahne (2 /xg /kg ) At 3 
repeat 10 mg NaNj/kg with no effect 

the effect m spmal cats (see Fig 3) A similar 
rise in pressure was observed in rabbits after 
similar doses of azide 

The heart — Injection of 50 /tg-1 0 mg spdium 
azide mto the inflow of the xierfused heart of the 
cat (Langendorff preparation) caused an mcrease 
in the force but not m the rate of contraction 
2—5 mg caused transient inhibition of some pre- 
parations In the isolated rabbit heart the increase 
in force was less marked and inhibition was more 
often seen uath the higher doses In both species 
dilatation of the coronary’ vessels with increase in 
coronary flow occurred Fig 4 shows the effect 
of a dose of 50 jig sodium azide on the perfused 
cat heart and the coronary flow from it In view 
of the hypotensne effect of sodium azide on 
systemic blood pressure the action of other agents 
With a similar hypotensne activity w’as tested on 


the coronary circulation The dilator effect of an 
equimolar amount of sodium mtnte was less 
intense but longer in duration than that of 50 /xg 
sodium asude , potassium thiocyanate had no 
effect (see Fig 5) 



(Langendorff preparation) Time m 10 sec The 
figures at the top are a measure of the coronary'flow 
m ml /mm At the arrow 50 fig NaN* was mjected 
mto the jierfusmg cannula 


The effect of mtravenous injection of sodium - 
azide on the heart of anaesthetized cats and 
rabbits was variable In rabbits anaesthetized 
with urethane 10-100 /tg of azide mcreased the 
force and sometimes the rate of contraction of 
the heart, but m the majonty of animals the heart 
was temporarily slowed Atropine or vagotomy 
abohshed this slowing but left the increase in force 
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Fig 5 — Graph of the coronary flow m the isolated jjer- 
fused heart of the cat (Langendorff fireparation) At 
mter\’als of 20 mm equimolar amounts of potassium 
thiocyanate, sodium mtnte, and sodium azide were 
mjected (arrow) KCNS had no effect (mtemiptcd 
Ime), NaNj had a powerful but short-lastmg dilator 
effect (sohd hne), and NaNO- had a longer-Iastinc. 
effect (dotted Ime) 
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unaffected Larger doses of azide (5-10 mg of 
azide /kg) produced a marked imtial slowing and 
inhibition of the heart followed by increase m 
cardiac activity above the mitial level This slow- 
ing was abohshed by vagotomy or atropme, leav- 
ing the stimulation unaffected In cats the effects 
of aade were similar, but this animal was more 
sensitive to sodium azide than the rabbit A few 
lig of azide per kg brought about a marked 
increase in the rate and force of the heart (see 
Fig 6) larger doses (5 mg /kg ) caused a transient 
inhibitfon, abolished by atropine or vagotomy and 
unobtainable m the spinal cat, followed by a pro- 
longed mcrease m the rate and force of the heart. 



Fig 6 — ^Direct myocardiograph tracing from cat 3 2 kg , 
ether and 80 rag chloralose/kg 1 Sodium azide 
(5 mg /kg ) transient mhibibon followed by 
stimulation 2 Repeat after bilateral cervical 
vagotomy and 1 mg atropine sulphate/kg , followed 
by 15 mg dibenarmne HCl/kg stimulaUon without 
prehminaty inhibition 3 Repeat after bilateral 
adrenalectomy absence of stiraulaUon 



Fig 7 —Cat 3 4 kg , 80 mg chloralose/kg i v _Upper line 
direct myocardiograph lever, next Ime cmotid blood 
pressure, mjection Signal, time m 30 sec At 1, 2, 
and 3 mjecUon of equimolar amounts of KCNS, 
NaNOj, and NaNj (50 /ig) respecUvely^ Note 
transient inhibition of heart follow^ by augments 
tion of the beat and abrupt fall m blood pressure 
after mjection of azide 


characteristic cardiovascular action of azide — 
stimulation of the heart and fall in blood pressure 
— IS obtamed with amounts of azide such that 
equimolar amounts of nitntc and thiocyanate hdve 
no obvious effect 


not affected by dibenarmne (15 mg /kg) but pre- 
vented by previous adrenalectomy (see Fig 6) In 
a certam number of these ammals, as already men- 
tioned m the section dealing with the effects of 
azide on the blood pressure, the effect of large 
doses of the salt were mostly inhibitory with a 
fall in pressure replacing the rise m pressure In 
these Icircumstances the cardiac action was also 
inhibited for a long penod after mjection, and 
adrenalectomy made little or nd difference to the 
reactions obtained Excision of the carotid smus 
area did not modify these responses 

Smce sodium azide m small doses appeared to 
have a more powerful effect than the other com- 
monly used hypotensive agents on the blood flow 
in the systemic and coronary circulations com- 
panson was made of their activities on the heart 
of the whole animal under light anaesthesia (ether, 
chloralose or urethane) As is shown m Fig 7 the 


Respiration 

The rate and depth of breathing were mcreased 
by inhaled hydrazoic acid gas m very low concen 
trations(see Graham, Robertson, and Rogan, 1948, 
Fig 1) and by mjected azide m all doses With 
doses of less than 1 pg sodium azide per kg 
the stimulant effect on respiration did not last so 
long as the accompanymg fall m blood pressure 
■ffie degree of stimulation might be sych as to 
cause marked irregulanty of breathmg and even 
generalized dome convulsions With suitable 
doses these convulsions appeared immediatelj 
after injection of the azide and were not asphyxial 
in ongm, but doses of azide insufficient to give 
rise to a convulsive response might, after a variable 
pienod of stimulation and irregularity of breath- 
mg, brmg about a depression and gradual failure 
of respiration , this was often complicated by 
termmal asphyxial convulsions 
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Other actions 

Sodium' azide dilated the perfused bronchus 
of guinea-pigs and stimulated both isolated and 
intact mtestme of rabbit, gumea-pig, and cat 
In anaesthetized animals this stimulation of 
the gut, accompanied by flushmg with artenal 
blood, was obvious records of the movements 
of an mtestmal loop and of the pressure within 
it revealed a transient relaxation of the muscle 
preceding the mcrease in activity The isolated 
uterus of rat, rabbit, and gumea-pig Was not 
affected by azide, but that of the cat was stimu- 
lated In the pregnant cat under ether, how- 
ever, this effect was negligible with amounts of ' 
azide which caused a prolonged fall m blood 
pressure the urinary bladder contracted vigor- 
ously and expelled urme There was no difference 
in the diuretic response of groups of rats injected 
with small doses of azide after receiving water 
by mouth and control animals not given azide, but 
if the dose of azide was increased the rats showed 
evidence of collapse and urme production ^eased 
Freque’ncy of mictuntion as seen in intact animals 
given azide is not due to diuresis but to the action 
on the unnary bladder, probably a direct one 
Azide is water soluble and was absorbed from 
all routes of administration It did not discolour 
the blood with methaemoglobm as did nitrite 
like nitrite it was not excreted unchanged m the 
unne, which failed to give the brown colour 
reaction with feme chloride obtained in vitro with 
dilute sodium aade before injection or feeding 

Discussion 

The actions of sodium azide on the cardio- 
vascular system of mammals are similar to those 
of sodium nitrite The effect of'mhaled amyl 
nitnte on the systemic blood pressure as 
desenbed by Bradford and Dean (1894) is similar 
to that of hydrazoic acid gas as desenbed by Smith 
and Wolf (1904) and elaborated by Graham, 
Robertson, and Rogan (1948) That the tachy- 
cardia caused by nitnte is a reflex one following 
upon the fall in blood pressure was shown by 
Dossin (1911), whose findings with the action of 
nitnte on the isolated perfused heart are paral- 
leled by those desenbed above for azide Loeb 
(1904) showed that nitnte is a coronary' dilator, 
and Boyer, Wdgna, and Green (1939) and Essex 
Wdgria, Hemck and Mann (1940) confirmed this 
finding bv modem techniques The same action 
has been demonstrated with azide Both nitnte 
and azide stimulate the respiration, but Heymans 
Bouckaert, and Dautrebande (1931) attnbute to 
the carotid sinus a larger part in the reflex stimu- 


lation of respiratory and cardiovascular mechan- 
isms by nitnte than the present work indicates 
is played by the carotid smus in the action of azide 
Leech (1893) and Smith and Wolf (1904) have 
shown respectively that nitrite and azide inhibit 
the contractile power of isolated frog gastro- 
cnemius muscle According to Beams and Barlow 
(1932) mtnte causes a contraction and then a 
relaxation of isolated stnps of rabbit gut in 
Locke’s solution azide causes a contraction in 
Mtro and a relaxation followed by a contraction 
in VIVO Both substances dilate the perfused 
bronchi Both are modified by metabolic pro- 
cesses m the body their fate is as yet unknown 

The mam differences he in the greater direct 
effect of azide on the central nervous system, 
especially on the respiratory centre, the more 
powerful action of azide on the peripheral vascu- 
lar bed, the absence of formation of methaemo- 
globm m the blood stream of animals receiving 
azide mtravenously, and the proven effect of azide 
on vanous enzymatic processes m the living cell 

In human beings it has been shown that hydra- 
zoic acid fumes lower systolic and diastolic blood 
pressure to a profound extent for some three to 
SIX hours with the production of a mild degree 
of headache 

The mechanism of action of azide is complex 
Peripherally it relaxes the smooth muscle of blood 
vessels and bronchi while increasmg the force of 
the cardiac contraction This results in a greatly 
mcreased coronary flow accompanying a fall- in 
systemic blood pressure Centrally it stimulates 
the medulla, which results in a stimulation of 
respiration, an initial vagal inhibition of the heart, 
and a subsequent sympathetic stimulation of the 
heart Azide also has a direct stimulant action 
on cardiac muscle which may play a part m this 
phenomenon The resultant effect of these oppos- 
ing forces IS determined by the species and state 
of the anunal, especially the mitial blood pressure, 
the sensitivity of its nervous system and reflex 
mechanisms, 'the anaesthetic administered, and the 
dose and rate of administration of the azide The 
larger doses of azide (mg rather than /xg /kg ) 
powerfully affect the sympathetico-adrenal 
mcchamsm and cause a prolonged rise in systemic 
blood pressure and a great increase in cardiac 
force, probably brought about by a release of 
adrenahne from the suprarenal glands The 
variable effects on the volume of the spleen and 
the leg are the result of these conflicting mechan- 
isms The actiMty of gut and bladder is increased, 
that of the uterus is little altered Stimulation of 
the central nervous s\stem. which may be se\cre 



6 


J D P GRAHAM 


enough to cause a charactenstic convulsive seizure 
13 m other cases followed by depression leading 
to asphyxia from respiratory failure 


During the performance of this work the author 
held an I C I Fellowship in Pharmacology Expenses 
were defrayed by a grant from the Medical Research 
Council 


Summary 

Sodium azide, a neutral stable salt of hydrazoit 
acid, IS a potent hypotensive agent which dilates 
peripheral blood vessels by direct action It 
stimulates cardiac muscle and ddates the coronary 
vessels directly 

It affects the rate and force of the mammalian 
— heart in vivo by stimulating the vagal and sym- 
pathetic cardiovascular mechanisms such effects 
are produced centrally rather than by carotid 
sinus reflexes 

It stimulates respiration and m large doses pro- 
duces generalized convulsions followed by respira- 
tory depression 

It increases gut and bladder contractions but 
hardly affects the uterus 

The general action is similar to that of sodium 
Tutnte, but azide is more powerful 

The LD50 i p in white mice was 28-34 mg /kg 
when that of sodium nitnte was 168 mg /kg 

It does not produce methaemoglobin in vivo 
and is excreted as a metabohte which no longer 
gives a brown colour reaction when feme chloride 
IS added to the urine 
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The difficulty of culturing parasitic worms in 
Mtro remains the major hrmtmg factor in the 
development of methods for studymg anthel- 
iruntic* activity directly on the parasite Tins is 
because of the difficulty of maintaining in vitro a 
suitable environment for the different parasites 
This has been achieved m a partial sense by Chu 
(1940) for Chlonorchis sinensis and Schistosoma 
japonicuni, by Lamson and Brown (1936) for 
Ascans, and by Smyth (1948) for plerocercoid 
larvae of Schistocephaliis solidus and Ligula intes- 
tinalis, but for many other parasites methods for 
obtammg the same conditions do not yet exist 
In their search for matenal which might be likely 
to pro\ade alternative means, the early workers 
neglected the phylogenetic relationships of the 
different parasitic worms Two mam groups of 
helminth parasites exist the nemathelminthes and 
the platyhelmmthes 

Ov\mg to the work of Robello and Rico (1926) 
and Baldwin (1943), a method exists for the m vitro 
study of anthelmintic activity on nematodes This 
method, moreover, has enabled a start to be made 
on the mode of action of drugs on nematodes 
Von Schroeder (1885) and Trendelenberg (1916) 
both reported that santomn, which has a high 
therapeutic reputation as an anthelmintic against 
nematodes, appears to have no effect on the 
achMty of the whole worm, when it is tested by 
observnng the activiU of whole ascans in Mtro 
Baldwin, howe^er has suggested it may bring 
about mcoordmation of movement by Miiue of a 
Mmultancous stimulation of the bodv musculature 

• Ths xtr-n Bnlh«!rni^tIe i» used b> us to Indicate that the droj has 
Seen found cnecus-e for the core o' Infestations orhe’eiinth parasites 
eith" in \'ctennar> orclinica) p-actioe 


(mtermediate preparation) and depression of 
central nervous control (antenor preparation) 
Many a pnon reasons exist for considermg the 
effect of substances on the movement of the para- 
site to be a primary mode of action Thus we have 
chosen to study ffie effect of drugs on the liver 
fluke as a representative platyhelmmth worm by 
a kymographic technique of siiort duration The 
present paper is, therefore, concerned with a 
method for studymg the mode of action of drugs 
on trematodes, and the value of the liver fluke 
(Fasciola hepatica), as a preparation for screenmg 
substances for possible anthelimntic activity against 
the p3f*»sitic members of both phyla, is assessed 

ColnP^'^n of parasites 

The dukes were obtained from the bile ducts of 
bovine hvers and were dissected out withm half an 
hour of the death of the host before the Uver cooled 
to room temperature They were washed and subse- 
quently placed m boihng-tubes containing Ringers 
solution buffered (to pH 8 5) at 37° C , not more than 
two flukes to each tube This was found necessary in 
order to prevent the flukes from attacking each other, 
which they did when large numbers were enclosed 
together Preparations were made from these flukes 
within SLX hours of collection Satisfactory flukes 
alw’ays showed npplmg movements of the whole body, 
and movement by means of the suckers for at least 24 
hours 

Methods of recording movement 

KjTnograph tracings were made of the movements 
of a fluke suspended in Ringer’s solution at 37* C 
the fluke being under slight tension The attachment 
for the recording arm and fixed point were by means 
of pbtinum hooks passed through the body wall 
posttnoT to the ventiat sucker and close to the 
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postenor end of the body It was found essenual 
to keep the fluke below the surface of the Ringir’s 
solution while these attachments were being made in 
the shortest possible time The fluke was then allowed 
10 minutes to recover before recordmg was started, 
after which normal movements were recorded for 15 
mmutes 

Method of testing drugs 

Drugs soluble in water were dissolved in Ringer’s 
solution , those which were precipitated m this medium 
were separately dissolved in water to which the saline 
constituents were then added as this delayed precipita- 
tion for long enough to make the test (santonin, 
kamala, umbelhferone, and coumanne) Insoluble 
drugs were emulsified by the method of Baldwm The 
substances were tested initially at a high concentration 
(1 1,000) and, if active, at lower concentrations 
suggested by the response obtained Finally the mini- 
mal effective concentraUon, as judged in most instances 
by the disappearance of activity withm 45 min after 
the addition of the drug, was obtamed with at least 
four flukes _The absence of effect at 1 1,000 on at 
least 'two preparations was taken to indicate that the 
drug was without activity 

Results 

Rhythmical activity was found m a high propor- 
tion of worms taken from bovme hvers, but in 
general worms from sheep’s livers could not be 
relied upon to give good rhythmical activity 
Rhythmical activity, which was occasionally inter- 
rupted by short quiescent penods, showed a 
marked variation in amplitude from worm to 
worm, but, after the establishment of the rhythm 
m any one preparation, the amplitude and the 
tone remained approximately constant for at least 
2 hours (Fig 1) » 

Three types of drug activity have been ud 
stimulant, paralysant, and lethal 

Stimulant drugs 

On addition of the substances with stimulant 
properties listed in Table I, some mterference with 
the activity of the preparation occurred, apd sub- 
sequently more rapid rhythmical movements were 


TABLE I 

STIMULANTS 


Drug 

Nature of 
preparation 

Effective 

concentration 

Carbon tetraehlonde 

Solution 

1 2,000-1 4,000* 

Tetrachlorethylene 

Emulsion 

1 2,000-1 5,000* 

Hexachloreth^e 


1 20,000-1 5,000* 

P-Naphthol 

Solution 

1 10,000-1 5,000* 

p-Cymene 

Emulsion 

1 '4,000* 

Strychnine HCl 

Solution 

1 10,000 

Coumanne 


1 2,000 

Umbelhferone 


1 2,000 

S-Phenylethylamine 



HCl 


1 5,000 

Ephednne HCl 

> » 

1 1 2,000 

Tyramme HCl 


1 1,000 

Amphetarrune sul- 



phate 


1 20,000-1 10,000 

/-Amphetamine sul- 



phate 


1 10,000 

d-Amphetamme sul- 



phate 

» » 

1 80,000 


• Indicates that the dni^ possesses other types of action at higher 
concentrations or after acting for longer penods of time " 


resumed with or without a change in amplitude 
and tone There was also a marked difference in 
the duration of these effects The two lactones, 
coumanne and umbelhferone, produced rhyth- 
mical movements of large amphtude and low fre- 
quency at low concentrations These movements, 
however, gradually diminished withm a penod of 
half an hour, and were replaced by sustamed 
contraction when high concentrations were 
tested The stimulation produced by strychnine 
hydrochlonde was characterized by mcrease m the 
frequency, reduction in the amplitude, and mcrease 
m the tone The four amines all produced an 
increase m the amphtude and frequency after the 
initial contraction had subsided . and produced 
some mcrease m the tone 
The chlonnated hydrocarbons with known 
anthelmintic potency and therapeutic value against 




p,G 1 — Two representative 

records of normal move- 
ment (In all tracings 
upward stroke represents 
contraction Time mark- 
ings in minutes ) 
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(b) 



Fig 2 — Stimulant drugs Action 
on normal movement of 

(a) amphetamine (1 l.tXX)), 

(b) tctrachlorethylene 

(1 5,000) , (c) hexachlor- 
ethane (1 20,000) followed 
by amphetamine, (cf) cou- 
manne (1 1,000) followed 

by amphetamine 










uo 


mfestations of the liver fluke all possess stimulant 
properties at low concentrations This property 
was exhibited to a more marked degree by hexa* 
chlorethane (Fig 2) 

From the records it will be seen that the amines 
have a pronounced potentiating action on the 
normal rhythm, increasing both the amplitude and 


the frequency with only slight effect on the tone 
of the muscle Moreover, amphetamine was the 
most powerful of these potentiating amines 

Paralysant drugs 

Early on in the mvesUgatioa it appeared likely 
that amphetamine might be used to bnng back 



Fig 3 — (a) Paralysant action of 
pelletierme tannate (1 1 ,000) 
followed by response to 
amphetamme (b) Lethal 
action of hexylresorcinol 
(1 5,000) followed by 

absence of response to 
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TABLE n 


DRUGS which paralyse THE PREPARATION BUT RHYTH- 
.MICAL CONTRACTION IS RESTORED BY AMPHETAMINE 

1 5,000 


1 

Drug 

Nature of 
preparabon 


Effecbve 

concentrabon 

Nicotme 

Carbammoylcholme 

Solution 

I 

200,000 

chlonde (Dorvl) 


1 

20,000 

Sodium amytal 

1 

1 

5,000 

Arecohne HBr 


1 

' 10,000,000 

Oil of chenoDodium 

Emulsion 

1 

20,000-10,000* 

Pellebenne tannate 

! Solubon 

1 

2,000 

Phenylurethane 

Emulsion 

1 

2;ooo* 

Santomn 


1 

i;ooo 

Kamala 

Filtered 

saturated 

solubon 



phate m a concentration of 1 5,000 to the bath in 
the absence of the test substance, whenever the 
activity of the preparation had been obhterated or 
altered at the end of 45 min This was done by 
replacing the solution of the test substance by 
Ringer’s solubon containing^ 1 5,000 amphetamine 
sulphate By this means it was found possible to 
disbngmsh between drugs with paralysant acbon 
(hsted m Table H, Fig 3) and drugs with a lethal 
or probably lethal action (hsted m Table HI, 
Fig 3) A large number of miscellaneous sub- 
stances with no known anthelmintic action were 
tested and found to have no more than a transient 
acbon (Table TV, Fig 4) The fluke musculature 
IS relaxed to different degrees by parasympatho- 
mimebc drugs, except pilocarpme, and this relaxa- 
tion is antagonized by amphetamme 


• Indicates that the drug possesses other types of action al higher 
concentrations or after acdng for longer periods of trtne 


TABLE m 


DRUGS WHICH PARALYSE THE PREPARATION AND 
RENDER'iTj^ INSENSITIVE TO THE ACTION OF AMPHETA- 
MINE 1 5,000 


Drug 

Nature of 
preparabon 

1 

Effective 

concentration 

Oil of chenopodium 

Emulsion 

1 

5,000 


P-Cymene 


1 

1,000 


Thymol 

Solubon 

1 

10,000 


Hexylresorcmol 


1 

10,000-1 

5,000 

P-Naphthol 


1 

4,000-1 

2,000 

Carbon tctrachlonde 

Emulsion 

1 

1,000 


Tetrachlorethylene 


1 

1,000 


Hexachlorethane 


1 

1,000 (see text) 

Ext fihx mas 


1 

5,000 


Gentian violet 

Solubon 

1 

5,000 


Phenylurethane 


1 

1,000 


Chlorbutol 


1 

1,000 


Kamala 

Sat solubon 





normal rhythmical acbvity to preparabons when 
the movement had been reversibly altered by a 
drug , this might occur after macbvabon by para- 
lysant drugs or when the type of movement was 
markedly altered by other stimulant drugs No sUch 
acbon would be expected after an effect which was 
to any extent irreversible, or after lethal drugs It 
was therefore decided to add amphetamine SUI- 


TABLE IV 


DRUGS WHICH FAILED TO CAUSE COMPLETE PARALYSIS 
OF THE PREPARATION UP TO A CONCENTRATION OF 
1 1,000 (MINIMUM 45 MIN) 


Phenothiazme 
Sodium tauroglycocholate 
Ethyl alcohol (1%) 
Sulphaml amide 
Sulpha thi azole 
Pemcillin (1,340 1 u /c c ) 
Neosalvarsan 
Emetme HCl 
Acetylcholine chlonde 
Acetyl-P-methylcholine 
chlonde* 

Pilocarpme mtrate 
Esenne sulphate* 


rf-Tubocurarme chlonde 
-Yohimbine HCl 
Atropme sulphate 
Hyoscine HBr 
Histamwe aad phosphate 
Cocaine HQ 
Quinme sulphate 
Morphine HCl 
Caffeine 
Guanidme HCl 
Sodium bromide 
Phenyl urea 

depression 


Lethal drugs 

The chlorinated hydrocarbons which in low 
concentrabons stimulate the fluke are lethal at 
concentrations rangmg between 1 5,000 and 
1 1,000 Hexachlorethane has excepbonal prop- 
erbes which make it difflcult to obtam known con- 
centrabons of it above 1 5,000 , it is msoluble in 
water and sublimes below the boiling point of 
water Thus, although sufl5cient substance was 
added to make an emulsion at 1 1,000 with 
alcohol some of the substance was precipitated 
The emulsion made in this way, however, oblit- 
erated all movement m 90 min , after which amphet- 
amine was without effect TTie 1 5,000 solubon 



Fig 4 — ^Absence of effect of 
morphine sulphate (I 1 000) 
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almost completely eliminated the activity, and 
correspondmgly its action was only shghtly affected 
by amphetamme It would therefore appear to 
be a lethal drug m low concentrations, possibly 
with greater effect than the other chlorinated 
hydrocarbons Ext filix mas is lethal at the 
same concentration in a shorter Ume This is 
-^«also true of gentian violet 

Ineffective substances 

Phenothiazine was the only inactive anthel- 
mintic with the exception of drugs active on blood 
flukes 

Discussion 

The value of any particular approach to the 
study of anthelrmntics can best be understood 
when It is realized that the host-parasite rela- 
tionship is a special instance of the organism- 
environment relaUonship which forms the back- 
ground to all biological studies Vetennarv 
practice possesses a variety of methods for combat- 
ing parasitic mfestations which act in one of four 
ways on the biological system comprising the 
host-parasite relationship TTie first is by altera- 
tions in the relationship of the host to its environ- 
ment , the second is by effecting changes in the 
mtemal environment of the host , the third is by 
affecting the relationship of the parasite to the 
internal environment of the host , and the fourth 
IS by altenng the internal environment of the 
parasite itself The pharmacology of anthelmintics 
should be concerned with all four divisions, but 
in practice the first division is usually considered 
a separate field of study in the domain of ecology 
Withm the three remaining fields which are con- 
cerned With the admmistration of substances to 
infested animals or man the study of anthelmintics 
has been approached either as a chemotherapeutic 
problem or as if it were a pharmacological study 
on isolated organ systems of vertebrates In fact 
both aspects must be mtegrated to provide a satis 
factory approach to the problem Chemothera- 
peutic tests are pnmanly effective for the detection 
of substances of therapeutic value, because micro- 
orgamsms are primarily dependent on a continuous 
process of reproduction for their distnbution and 
for the location of the reproductive phase of their 
hfe cycle Substances, therefore, which mterfere 
with metabolic pr-ocesses by whatever means are 
effective m reducing the distribution and mfluenc- 
mg the location of micro-organisms In parasitic 
worms, however, the distnbution and the location 
of the adult reproductive worm are differentiated 
functions and depend on the separate physiological 


processes of reproduction and movement Distri- 
bution IS largely dependent on reproduction though 
movement plays some part in it, but the location 
of the adult is almost wholly dependent on move- 
ment which appears to bo influenced by environ- 
mental factors Elimination of the parasite, there- 
fore, is dependent upon the drug affectmg either 
the mechanism by which location is achieved and 
maintained or by suppressmg reproduction It is 
at present impossible to study the effect of drugs 
on reproduction m vitro because of difficulties of 
culturing them, but certam pharmacological tech- 
niques have been applied to the study of movement 
in parasitic worms, as in the present paper 

We require to know the effect of any drug on the 
components of the fluke’s movement and on the 
co-ordination of these in its behaviour Provided 
that the same effects are produced in vivo as 
in vitro we can then hope to get some idea of 
the possible modes of action of anthelmintics which 
affect movement At present, we have only taken 
a step in this direction The kymographic tech- 
mque, which we have used, has enabled us to 
distinguish three different types of action affecting 
movement from which a classification of drugs 
can be made 

Some drugs are stimulants as defined earlier 
these are the amines, the lactones, and strychnme 
Other drugs are stimulants at low and lethal at 
higher concentrations — namely, the halogenated 
hydrocarbons, p-cymene and ^-naphthol This 
combined action may well be the reason why the 
halogenated hydrocarbons are effective on the 
liver fluke itself in vivo, whereas gentian violet, 
which in vitro is more lethal but has no stimulant 
action, is ineffective * 

Tetrachlorethylene has been shown by Rogers 
(1944) to have a stimulant effect on Nippostrongy- 
lus muris , this appears to be an exaggeration of 
normal movement since it caused the parasite to 
leave the mucous Iming of the intestine Halo- 
genated hydrocarbons, therefore, as a group are 
likely to be stimulant to both phyla Baldwm’s 
(1943) technique using segments of Ascans would 
appear to be inadequate, therefore, to reveal all 
types of stimulant action probably because his 
preparations are only part of the whole animal 

FmaUy there are drugs with paralysant action at 
low concentrations which become lethal as the 
concentration is raised — e g , phenylurethane and 
oil of chenopodium 

Because major systematic differences such as 
those between phyla are most hkely to be associated 

•Private information from Dr E L Taylor 
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With major biochemical differences it is to be 
expected that companson between members of the 
two differential phyla will reveal the presence or 
absence of selecUve* action within the helminths 
when tested m vitro It is therefore worth while 
comparing our results with those of Baldwin 

As might be expected, the hver fluke is killed by 
all the protoplasmic poisons which affect Ascans 
Moreover, such comparison demonstrates that the 
liver fluke is affected by lower concentrations of 
the drugs which are lethal to both preparations 
The hver fluke is also affected by some drugs which 
are not effective on Ascans — i e , the fluke prepara- 
tion IS sensitive to a wider range of known anthel- 
mintic drugs than the Ascans preparation It 
should here be noted that Baldwin’s preparation is 
msensitive to the action of gentian violet, which is 
active on threadworms in vivo This may be due 
to an m vitro selective action of gentian violet on 
threadworms, but it might equally well be due to 
the fact that Baldwm’s preparation does not allow 
direct access of the substance to the gut of the 
Ascans preparation The evidence available sug- 
gests that the cuticle is a more effective, and 
probably also a more selective, bamer to the jlene- 
tration of drugs m Ascans than in the hver fluke 
Comparative tests on flukes with mtact cuticles, 
and cuticles pierced at the point of attachment, 
reveal that the intact fluke is only shghtly more 
resistant to all the drugs which we have tested On 
the other hand some drugs are without effect' on 
Ascans because of fundamental differences in the 
neuromuscular mechanism An explanation of the 
different responses to pelletienne and arecohne 
should be sought in one or both of these 
mechanisms By contrast, those drugs Which are 
effective for the elimination of cestodes from the 
mtestine in vivo are also active on the hver fluke 
in vitro , a result which is consistent with the 
systematic relationships of the two parasites The 
paralysant action of arecolme, which relaxes the 
muscle, parallels the results obtained by Betham 
(1946) on segments of Taenia 

The kymographic test of Betham does not aUow 
any stnct companson to bb made between the 
action of drugs on trematodes and cestodes, owing 
to the rcstncted use to which it was put The only 
drug used as an anthelmintic with selective action 
directly on nematodes is santonin Pelletienne 
and ext filix mas because they are active only on 
the fluke HI \itro but not on Ascans and because 

• TTit uori sMtcli\*c is ussd by us to indicate that drugs act 
exclusively on a few parasite* Tt is qualified by the nd\-erb5 tn vitro 
and in vl*o (Specificity should be reserved for testing the action of 
on dtfTerent parts of an organism. In thU s^'ay its use In tWs 
fiMd is consistent ^-ith the rest of pharmacology ) 


they are used exclusively agamst cestodes Tn the 
mtestme, are hkely to prove selective for platy- 
helminthes Gentian violet, on the other hand, 
although it does not affect Baldwm’s preparation, 
does elimmate nematodes (threadworms) from the 
intestine and is therefore almost certainly active 
on both phyla In this connexion it ahould be 
noted that, of the two lactones which are stimulant 
to the fluke, coumanne paralyses Ascans (posterior 
segment) and umbelhferone is without effect This 
is also true of strychmne The mode of action of 
phenothiazine and drugs active on blood flukes is 
still obscure 

Stephenson (1947) measured the effect of carbon 
tetrachlonde, tetrachlorethylene, and gentian violet 
on the survival time of the hver fluke m vitro and 
was unable to detect any action of the chlorinated 
hydrocarbons, but obtained some effect with 
gentian violet, thus demonstrating that his method 
was less sensitive than the one under discussion 
We attnbute this to the difference m viability of 
the preparation in the two types of test In an 
acute test, using as a measure of activity the effect 
on movement, the viabibty of the preparation is 
assured This is not so in a test based on survival 
time, as the viability of the preparation falls off 
rapiiy towards the end of the experimental period 
when the preparation is required to be most sensi- 
tive to differences m activity of the drugs under 
test Moreover, the method led to paradoxical 
results in the hands of Chu (1940), wdio showed that 
Chlonorchis sinensis survived longer in higher con- 
centrations of certain drugs (e g , methylene green 
and trypan blue) than at lower concentrations 
that in effect there was a reverse relationship 
between dose and effect which was attributed to 
a reduebon m oxidation rate preventmg the parasite 
m vitro from poisoning itself with its own excreta 

TTie comparisons we have made suggest that the 
majority of drugs us6d as anthelmintics are proto 
plasmic poisons actmg on both phyla and also on 
the host The apparent selectivity m the anthel- 
mintic activity of the protoplasmic poisons in vivo 
does not therefore reflect a selective action on 
different parasites but rather the importance of 
different biochemical and physiological conditions 
m the immediate neighbourhood of the parasite 
affecting the action of these poisons This empha- 
sizes the need for tests capable of distinguishing 
the selective action of drugs iii vitro if safer anthe - 
minlics are to'^be found This does not mean that 
we require to test drugs on isolated members o 
each species but that we require to assess the 
.significance of systematic differences revealed by 
tests on representative members of each phy a 
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Su\»iARy 

1 It IS possible to obtain rhythmical kymo- 
graphic records from fresh bovine flukes suspended 
in Ringer’s solution at a pH range from 6 5-8 5 
These movements are maintained for a period of 
at least 2 hours and frequently as long as 6 hours 

2 The effect of known anthelmmtics and of a 
number of other drugs, particularly those affecting 
the neuromuscular mechanism of vertebrates, have 
been tested on this preparation by allowing them 
to act for a maximum period of 45 min 

3 At the end of this penod the addition of 
amphetamine restores rhythmical acti\'ity provided 
the drug has had only a paralysant action on the 
fluke In this way it has been possible to distin- 
guish between stimulant, paralysant, and lethal 
drugs 

4 It IS suggested that the possible reason why 
the chlonnated hydrocarbons are so effective as 
anthelmintics against Fasciola hepatica is that 
they combine the stimulant action at low with the 
le&al at higher concentrations A number of other 
anthelmintics have been showm to have other tj'pes 
of combined action 

5 Companson with the similar test on Ascans 
segments (Baldwm, 1943) reveals that the liver 
fluke as a representative of the platyhelmmthes is 
sensitive to all the drugs which affect Ascans and 
in addition to umbelliferone, pelletienne, extract 


filix mas , and gentian violet The significance of 
this comparison is discussed 
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Since the discovery of paludnne by Curd, Davey, 
and Rose (1945), few workers have studied its 
general pharmacological properties, though its low 
toxicity in companson with many antimalanals is 
weE known Spinks, Tottey, and Maegraith (1946) 
found that the absorption, distnbution, and excre- 
tion of paludnne in the rat resembled that of 
mepacrine Spmks (1947) mvestigated the fate of 
paludrme given to rats and mice by mouth and 
found that it was rapidly absorbed from the 
stomach , a low recovery from the faeces and 
urme suggested that it was broken down m the 
body Butler, Davey, and Spinks (1947) showed 
that the acute toxicity of paludrme vaned both 
with the species and the method of administra- 
tion The mtravenous or mtrapentoneal injection 
of paludnne mto rats and mice was followed by 
delayed deaths, the animals dymg up to 24 hours 
after the mjecbon, this was the more surpnsmg in 
view of the fact that a closely related substance, 
^4430, did not exhibit this property At first it was 
thought that these delayed deaths were caused by 
unusually prolonged retention of paludnne m the 
blood, but this was later disproved by measuring 
blood concentrations Chicks given paludnne 
intravenously died withm 15 mm. or not at all, 
and from this and other evidence it was concluded 
that the metaboEsm of paludnne m chicks (and 
probably man) was different from that m rats and 
mice 

Hughes and Schmidt (1947) and Hughes, 
Schmidt, and Smith (1947a, b) also studied the 
absorption, toxicity, and excretion of paludnne 
m various animals In the dog, paludrme induced 
copious salivation, loss of appetite, extreme 
cachexia, and cardiac arrhythmia Feedmg tests 
were performed m which paludnne was mixed 
with the food the dogs refused to eat, and died 
from starvation Chen and Anderson (1947) 
investigated the toxicity and then descnbed m 
more detail the effects of paludnne m the body 
In the anaesthetized or pithed cat, paludnne 
caused a temporary fall of the blood pressure 
The respiratorv rate was increased but the depth 


diminished Isolated loops of rabbit mtesUne were 
relaxed by paludnne and the isolated uterus of 
the gumea-pig was stimulated Contractions of 
isolated mtestme of the gumea-pig, mduced by 
histamine, were inhibited Jnnes (1947) showed 
that mtramuscular mjections of paludnne lactate 
caused necrosis, haemorrhage, oedema, and inflam- 
matory exudate, with local involvement of nerves 
and vessels , this was most intense about 12 days 
after the mjection It is now generally beheved 
that some metabohe product of paludrme is 
responsible for its antimalanal activity (Hawkmg 
and Perry, 1948), but so far attempts to identify 
this product have failed 

Experimental Results 

Toxicity — The acute intravenous toxicity of 
paludnne in mice of weights between 18 g and 
25 g was stuched The LD50 was found to_be 
22 mg /kg , which agrees well with the results of 
other workers As Butler, Davey, and Spinks 
(1947) observed, the toxicity of paludrme was 
sometimes delayed, and the figure for the LD50 
given above was calculated after observmg the 
mice for 72 hours after the injection A possible 
explanation of the delayed toxicity was that palu- 
dnne interfered with some esterase mechamsm in 
the animal Blaschko, Chou, and Wajda (1947) 
showed that paludnne had an aflSmty for pseudo- 
cholinesterase and for the benzoylchohnesterase 
of gumea-pig’s hver 

It was thought that the simultaneous mjection 
of prostigmme, a very strong inhibitor of cholin- 
esterase, might significantly alter the toxicity of 
paludrme The mtravenous toxicity of prostig- 
mme m mice was therefore determined, and 
from the dose/response curve two doses of pros- 
tigmme were chosen , one which killed no mice 
(90 pg /kg ) and one which killed about 30 per 
cent of the mice (180 fig f kg) Each of these 
doses was then mjected simultaneously with the 
LD50 dose of paludnne (22 mg /kg ) The resulh 
are summanzed m Table I 
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TABLE 1 

intravenous toxicity of PALUDRINE, PROSTIGNnNE, AND MIXTURES OF THE TWO 


Group 

Dose of drug 

No of 

1 mice 
used 

Instant 

deaths 

r 

Delayed deaths 

1 

Total 

deaths 

% 

Mortality 

1 

1 

1 








A. 

Prostigmme 90 /xg./kg 

15 

0 

0 

0 

0 

0 

0 

B 

Prostigmine 180 /ig /kg 

30 

8 

0 

0 

0 

8 

26 6 

C ' 

Paludrme 22 mg /kg 


0 

8 ! 

4 

4 

16 

53 4 

D 

Paludrme 22 mg /kg -f Pros- 
Ugmme 90 pg /kg 

30 

8 1 

5 

5 

3 1 
^ 1 

21 

70 

E 

Paludrme 22 mg /kg -p Pros- 
tigmme 180 nE./kg 

30 

29 j 

i 

0 

1 

0 

f 

t 

0 

29 

96 7 


Table I shows that the injection of prostig- 
mine simultaneously with paludrme increased the 
immediate toxic effect The immediate deaths, 
taken as a percentage of the total deaths, were 
increased from 0 per cent to 38 per cent by the 
addition of a non-toxic dose of prostigmine 
(90 fig /kg ), and to 100 per cent by a dose of 
prostigmine (180 fig /kg,), which alone killed 
about 27 per cent of animals 

Effect of paludrtne on the cardiovascular system 

Action on blood pressure and vessels — In the 
anaesthetized animal an intravenous mjection of 
paludrme usually caused a transient fall m blood 
pressure In the perfusion of the dog’s hmd leg 
with hepanmzed blood, paludrme was shown to 
have a vasodilator action , 2 mg mjected mto the 
perfusion cannula decreased the pressure and in- 
creased the outflow of blood This vasodilatation 
was dimimshed by neoantergan The same effect 
was observed on the blood pressure of a cat 


anaesthetized with chloralose Both paludrme 
(4 mg ) and histamine (10 pg ) caused a faU m 
blood pressure this fall was reduced by the mjec- 
tion of benadrj'l Thus the antihistamine agents, 
neoantergan and benadryl, reduced the vasodilata- 
tion caused by paludrme 

Paludrme antagonized the action of adrenalme 
on both the dog’s perfused hmd leg and the cat’s 
blood pressure The latter effect is shown m 
Fig 1 In both preparations the vasoconstnotion 
produced by adrenahne was reduced by paludnne 

Action on heart muscle — The refractory period 
of the auncle was lengthened by paludrme The 
compound was compared with qumidme by^ 
Dawes’s method on the electncally stimulated 
rabbit auricles (Dawes, 1946), and it was found 
to be approxunately one-eighth as active as quim^^ 
dine (Table II) 

On the isolated perfused cat heart (Langendorff 
preparation), paludrme (10-500 pg) inhibited the 
amphtude and rate of beat according to the dose 



Fro 1 —Blood pressure of chloralose cat from carotid artery (a) Adrenalme (5 pg), (b) adrenalme 
(5 /xg ) Between (b) and (c) paludrme (80 mg.) was mfused mtravenously (c) Adrenalme (5 «g ) 
fd) adrenalme (10 ^g.) Time 10 sec \ n 
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TABLE II 


PERCENTAGE LENGTHENING OF THE REFRACTORY 
PERIOD OF ISOLATED RABBIT AURICLES 
The figures are averages of those from five experiments 


Paludnne 

Quinidme 


% Increase of 


% Inoease of 

Dose, mg 

refractory 

Dose, mg 

refractory 


penod 


penod 

1 

4 

025 

9 

2 1 

9 

05 

16 

4 

14 

1 

1 0 

23 


The inhibition was accompanied by coronary 
dilatation 

Paludnne depressed both the contractility and 
the rate of beat of isolated rabbit auricles At the 
same time the normal infubitory action of acetyl- 
cholme was changed to a stimulation If paludrme 
was allowed to act for a longer time the auricles 
stopped beatmg acetylcholme would then restart 
the contractions This action is described m more 
detail by Bum and Vane (1949) The isolated 
frog heart was also depressed by paludnne 

Action on striated muscle 

On the isolated rectus abdominis of the frog 
paludnne had three distinct actions When con- 
tractions of the muscle were obtained with acetyl- 
choline, paludnne in very low concentration 
(5 0 X 10 0 was found to augment these contrac- 
tions In concentrations higher than lO"', paiu- 
dnne inhibited the action of acetylcholine Finally, 
m concentrations of over 10^, paludnne alone 
■Caused the muscle to contract , the response to 
the same concentration of paludrme increased with 


E *9 

k 
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Fig 2 — Cat sciatic-gastrocnemius preparation Con- 
tractions of muscle evoked by maximal stimulation 
of the sciatic nerve by square waves at 24 shocks per 
min Effect of two doses of paludnne injected intOi 
the artery 


successive apphcations Thus, paludnne had a 
biphasic action on contractions evoked by acetyl- 
choline , m small concentrations it augmented the 
contractions , m higher concentrations it depressed 
them 

Cat sciatic-gastrocnemius preparation — The 
muscle twitch evoked by sin^e maximal nerve 
voUeys was depressed by paludrme (2-20 mg) 
injected mto the artenal blood stream (Fig 2) 
This curariform action was also observed on the 
isolated phrenic nerve-diaphragm preparation of 
the rat 


Action on smooth muscle 


Intestinal movements (in situ) — ^The mtestinal 
movements of a cat, anaesthetized with chlora- 
lose, were recorded by a balloon tied mto the 
duodenum Alterations in volume of the balloon 
were recorded by a water manometer and piston 
recorder A typical record is shown m Fig 3 , the 
upper tracing is the record of the-mtestinal move- 
ments , the lower one that of the blood pressure 
The natural movements of the duodenum in this 
experiment were quite vigorous (a) An mtra- 
venous infusion of paludrme (13 mg /mm) 
lowered the tone of the muscle and abolished the 
natural movements The paludrme infusion was 
stopped and the natural movements of the gut 
slowly returned , (j) shows the effect of j single 
injection of paludnne , the mtestmal movements 
were stopped almost immediately This effect was 
confirmed m three similar experiments The blood 
pressure record m this experiment showed an 
interesting effect , the heart was irregular and often 
dropped beats (see a and f) The slow infusion of 
paludnne eliminated most of these, and after the 
single mjection of paludrme all the irregulanties 


disappeared 

Intestinal movements after vagal stimulation — 
In some cats prepared for the above expenment 
the natural movements of the gut were small In 
these animals the right vagus nerve was exposed 
in the neck, cut, and the peripheral end stimulated 
by an induction coil for 30 sec , this produced a 
bdrst of motility m the duodenum An mtra- 
venous infusion of paludrme decreased the re- 
sponse of the intestine to vagal stimulation , the 
activity recovered when the infusion was stopjied 

Isolated intestine —The contractions of isolated 
guinea-pig ileum elicited by acetylcholme were 
inhibited by paludnne, and so were the contrac- 
tions elicited by histamine The inhibitions ot tn 
contractions were of the same order m each case 
Paludnne, m a concentration of 2x K)-* decreased 
the natural tone of isolated rabbit duodenum , at 
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Fig 3 — Chloralose cat Top intestinal movements, recorded by a balloon in the duodenum 
Bottom blood pressure from carotid artery (a) Natural movements, infusion of paludnne 

started at 1 3 mg /min , {b) 20 min after start of infusion , (c) 30 min , (d) 40 min 
Infusion stopped (52 mg infused) Activity began to return, (c) 10mm later Eventually 
normal activity returned, as shown in {/) (I hour later) A single injection of paludnne 
(40 mg ) again stopped the movements Note effect on blood pressure and dropped beats 
Time 10 sec 


the same time it augmented the response o£ the 
muscle to adrenaline 

Splenic volume — TThe volume of the spleen of 
the cat was recorded by means of a plethysmo- 
graph attached to a piston recorder Paludrme 
mjected intravenously had little effect on the blood 
pressure, but dilated the spleem This was con- 
firmed m six other experiments 

Action on bronchioles — ^The bronchial tone wns 
recorded by the method descnbed by Konzetf and 
Roessler (1940), and Emmebn, Kahlson, and 
Wicksell (1941), usmg the recorder described by 
Halpem (1942) 

The guinea-pig was anaesthetized with urethane, 
and cannulae were inserted into the left jugular 
vein and the trachea The lungs were artificially 
respired by a pump , the excess air was measured* 
by the apparatus referred to above, so that in- 
creased excursion of the recorder on the smoked 
paper mdicated broncho-constnction 

Injections of paludnne (1-20 mg) into the 
jugular vein had in themselves no effect, but 
greatly enhanced the broncho-constnction caused 
by histamine Fig 4 shows this effect Histamine 
(2 ng ) produced regular constnctions of the 
bronchioles the injection of paludnne (10 mg ) 
increased the histamine effect (a) Paludnne 
(20 mg ), whilst having no effect by itself, mcreased 
the histamine constriction so much that the guinea- 
pig died (6) 


Respiration 

Rabbits anaesthetized with urethane were used 
Respiration was recorded by Gaddum’s method 
(1941) Paludnne (8-20 mg) reduced the respira- 
tion, but the depression did not last as long as the 
fall in blood pressure which accompamed it 

In further experiments a section of the right 
vagus nerve was exposed in the neck The nerve 
was cut and the central stump was stimulated by 
an induction coil for 5 sec once every minute 
This produced a constant inhibition of the respi- 
ration as shown in Fig 5a Paludnne (8 mg ) 
injected intravenously caused a transitory depres- 
sion of the respiration, after which the vagal effect 
was abolished The stimulation once every minute 
was contmued and the vagal depression gradually 
returned to its normal value in about 20 min In 
another experiment m which paludnne (4 mg ) was 
injected, the effect reached its maximum at about 
10 mm after the injection In both these rabbits, 
as m four other experiments which gave similar 
results, the blood pressure remained constant, 
except for a small transient fall on mjection of 
the paludrme 

Ganglionic transmission 

The supenor cervical ganghon of the cat was 
perfused with Rmger-Locke solution by the 
method of Kibjakow (1933) Stimulation of the 
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Fig 5 — ^Respiration of rabbit recorded by Gaddum’s method (a) 
Central end of cut vagus nerve stimulated for 5 sec once every 
minute (fc) Paludrine (8 rag) injected at arrow This caused 
transient depression of respiration Effect of vagal stimulation 
abolished (c) Effect of stimulation gradually returning, the first 
stimulation being 1 1 rain after injection of paludrine Time 
30 sec 


preganglionic fibres produced a contraction of the 
mctitatmg membrane this was recorded on 
smoked paper by a lever with a frontal writing 
pomt Injection of paludrme into the infusion 
cannula depressed the response of the mctitating 
membrane (Fig 6) , this appeared with doses of 
paludrme exceeding 200 /xg 

Action on secretions 

/■ 

The action of paludrme on sahvary secretion m 
cats was compared with that of atropme by the 
method of Bulbrmg and Dawes (1945) Although 
paludnne (4-16 mg) gave a very transient inhibi- 
tion, the mhibition was never as large as that 
produced by atropme (2 fig) 

The antidiuresis evoked by pitmtary (posterior 
lobe) extract m rats was slightly prolonged by 
paludnne (10 mg /kg ) when injected with the 
pituitary extract , the method descnbed by Bum 
(1931) was used 


Paludrme was found to inhibit the 
histamme-induced gastnc secretion m 
cats, and also the gastnc secretion 
evoked by a test meal m man This 
effect IS described m other papers 
(Bum and Vane, 1948 , Vane, 
Walker, and Wynn Parry, 1948) 

Discussion 

Late deaths after the mtravenous 
injection of paludnne have been 
observed m rats and mice but not 
in chicks (Butler, Davey, and Spinks, 
1947) It is mterestmg to note that 
late deaths also occurred after the oral 
administration of pamaqum, certuna, 
and mepacrme to fowls, and that the 
nervous symptoms which accompamed 
the delayed deaths prevented ingestion 
of food, the deaths sometimes being 
hastened by starvation (Kohlschiitter, Zipf, and 
Triller, 1943) Paludrme given to rats, mice, dogs, 
and monkeys in sublethal doses also dmamished 
the mtake of food, as descnbed by Hughes, 
Schmidt, and Smith (1947b) Thus, delayed 
deaths and loss of appetite seem to be common 
properties of the synthetic antimalarial drugs 
pamaqum, certuna, mepacrme, and paludrine 
Late deaths might also be due to mterference 
with some enzyme system Blaschko, Chou, and 
Wajda (1947) found that certam cholmesterases 
were inhibited by paludnne ; the experimental 
results descnbed m this paper show that when 
prostigmme was injected simultaneously with 
paludrme mto mice the immediate deaths were 
increased and the delayed deaths decreased T^s 
would be expected if the deaths were due to 
inhibition of the esterase by paludnne 

On the other hand, in most of its actions palu- 
drme was found to antagonize the effect of vagal 
stimulation or of acetylcholme The action of 



Fig 6 —Perfusion of supenor cervical ganglion Stimulauon of preganglionic fibres produced contractions of the nictitaUnE 
membrane shown in tracing Paludnne (0 5 mg.) injected mto the perfusion fluid partially blocked the transmission 
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acetylcholine was inhibited on the cat intestine in 
situ, on the isolated guinea-pig ileum, on the iso- 
lated rabbif auricles, and on the isolated frog 
rectus muscle ' In smooth muscle the natural 
tonus was reduced Qumine, qumidme, cmcho- 
nine, pamaquin, and mepacrme were found by 
Keogh and Shaw (1943, 1944) first to stimulate, 
and then relax, isolated rat’s intestme The same 
authors also showed that the depressor response 
of the cat’s blood pressure to acetylcholine was 
reduced by qumme Hiatt, Brown, Quinn, and 
Macduflie (1945) found that qumme, qumidme, 
and cinchonine all inhibited the action of the vagus 
on the heart 

Dawes (1946)' discussed the relationship between 
the inhibitory action of drugs on the acetylcholine 
response and their effect m prolongmg the refrac- 
tory penod of the heart Paludrme has been 
found to lengthen the refractory jieriod and to 
impair the contractility of isolated rabbit auncles 
Here, too, the other antimalanal drugs have a 
similar effect Qumme, mepacrme, and pamaqum 
decreased the heart rate and lengthened the con- 
duction time as shown by the ecg m man and 
m dogs (Molitor, 1941) The lengthemng of the 
refractory period by qumidme, and to a lesser 
extent by qumme, is well known- Smith and 
Stoekle (1946) showed that mepacnne impaired 
the contractility of the heart 

A curariform action of paludrme has been 
demonstrated on the perfused superior cervical 
ganglion, on the cat sciatic-gastrocnemius prepara- 
tion, and on the rat phrenic nerve-diaphragm pre- 
paration Harvey (1939) descnbed a curanform 
action of qumme on the neuromuscular junction 

Paludrme in large doses has been shown to 
antagonize the vasoconstnchon caused by adreha- 
hne m the dog’s perfused hmd leg and on the cat’s 
blood pressure Keogh and Shaw (1943, 1944) 
found that qumme m large doses reversed the 
action of adrenahne on the cat’s blood pressure 

Mohtor (1941) showed that mepacnne and 
pamaqum produced vasodilatation, as does 
quinine In this work it has been shown that 
paludrme also produces vasodilatation in the dog’s 
perfused hind leg and m the cat The dilatation 
was partially abohshed by the antihistamine agents, 
neoantergan and benadryl This, with the work 
of Macintosh and Paton (1947), who found that 
certam biguanides and amidmes released histamme 
from muscle, suggested that paludrme may also 
release histamme from the-tissues The relation- 
ship between paludnne and histamme is very 
puzzling whereas paludnne inhibited gastnc 
secretion evoked bv histamme and reduced the 
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response of isolated gumea-pig ileum to histamme, 
it potentiated the action of histamme on the 
guinea-pig lungs On the other hand the anti- 
histamine agents, benadryl and neoantergan, which 
abolish the effect of histamine in most tissues but 
potentiate the ga stnc secretion caused by hista- 
mme (Wood, 1948)^ reduced the action of paludnne 
on the systemic vessels 

Summary 

Certam pharmacological actions of paludrme 
are described 

] In most experiments, paludnne antagomzed 
the action of acetylcholme or of vagal stimula- 
tion contractions of the isolated frog rectus 
muscle and gumea-pig ileum were inhibited by 
paludrme and the normal action of acetylcholine 
on isolated rabbit auncles was abolished The 
effects of vagal stimulation on the cat mtestme 
and rabbit respiration were also reduced, as was 
the natural tonus of the intestine 

2 As with other drugs which antagonize acetyl- 
chohne, paludnne lengthened the refractory period 
of anncular tissue It also had a curanform action 
on the cat sciahc-gastrocneimus, the rat phremc 
nerve-diaphragm, and the perfused superior 
cervical ganghon preparations 

3 Paludnne reduced or abolished the vaso- 
constrictor action of adrenahne m the dog’s per- 
fused hmd leg and on the cat blood pressure 

4 Paludrme caused vasodilatation of the per- 
fused dog hmd leg and m the cat This dilatation 
was reduced by wjectioa of antihistamine agents, 
which suggested that paludnne might release hista- 
mme from the tissues If this is so, then the 
relationship between histamme and paludnne is 
difficult to understand, for, whereas paludnne 
potentiates the constnetor effect of histamine on 
the gumea-pig lungs, it inhibits histamine-mduced 
gastnc secretion in cats It also inhibits contrac- 
tions of isolated guinea-pig ileum evoked by 
histamme 

5 The delayed toxicity observed m mice after 
the mtravenous mjection of paludnne was changed 
by the simultaneous injection of prostigmine, 
which increased the proportion of immediate 
deaths 

I am deeply indebted to Prof J H Burn for his 
help and guidance throughout this work, to the thera- 
peutic Research Corporation for a persona! grant, and 
to Dr F L Rose, of Impenal Chemical (Pharma- 
ceuticals) Ltd., for supphes of paludnne 
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A recently synthesized substance F2559 with 
curanzing properties was shown by Bovet, Depierre, 
and de Lestrange (1947) to differ fr6m d-tubocura- 
nne m its effect on the blood pressure An intra- 
venous dose of tubocuranne chlonde which caused 
muscular paralysis in the dog lasting several hours 
also caused a fall m general blood pressure, but 
a dose of the synthetic compound with the same 
curanzing action did not depress the blood 
pressure The fall of blood pressure after an 
injection of tubocuranne may be caused in two 
ways Firstly, it may be due to the release of 
histamme which was first observed by Anrep and 
his co-workers (Alam et al , 1939) However, 
Grob, Lilienthal, and Harvey (1947) showed that 
m man tubocuranne produced vascular changes 
only after mtra-artenal mjection and not when 
given mtravenously The second mechamsm by 
which tubocuranne may lower the blood pressure 
is by its action on sympathetic gangha When a 
comparison was made of the activity of the mono-, 

F2512 O CH,CH,N(C,Hs),I 



P-diethylaminoethoxybenzene ethiodide 
F2557 O CH,CH,N(CjH6),I 


P— O CH.CH.N(C.He),I 

1 3-bis-{p-diethylaminoethoxy)benzene diethiodide 

F2559 O CH-CH,N(QH5)jI 

I 

0 — O CHjCHjNCQHs),! 

— O CH,CH.N(C:,H.),I 

1 2 3-tn-(P-diethylaminoethoxy)bcnzene tnethiodide 


di-, and tri-quatemary ammomum salts shown 
below, of which the substance mentioned above 
is a member, it was found that the compound with 
the strongest action on the blood pressure had the 
weakest curanzmg action on skeletal muscle, 
whereas the compound with the strongest action 
on the muscle had the weakest action on the blood 
pressure Moreover, Depierre (1947) showed that 
the ratio of doses of these compounds for block- 
ing transmission m the superior cervical ganglion 
was sunilar to that for lowering blood pressure 
It appeared mteresting to make a more detailed 
mvestigation of the action of these three com- 
pounds on the normal and denervated sympathetic 
ganghon and to compare it with their action on 
normal and denervated skeletal muscle 

Experimental Results 

(1) Effect on the response of the nictitating 
membrane to preganglionic sympathetic 
nerve stimulation in the perfused superior 
cervical ganglion 

Method — Cats under chloralose were used The 
ganghon was perfused with Locke’s solution 
according to Kibjakow’s (1933) method, modified 
by Feldberg and Vartiainen (1934) The pre- 
ganghonic nerve was stimulated maxunally at a 
rate of 16 per sec for 15 sec every 4 min The 
compounds were mjected into the arterial cannula 
on& minute before each stimulation 

Results — Depierre’s findmg was confirmed that 
F2559 was very weak m depressing synaptic trans- 
mission, the lowest dose having some effect being 
1 mg m one expenment whereas in another as 
much as 10 mg was required On the other hand, 
F2512 was found to be nearly as strong as tf-tubo- 
curanne chlonde, actmg in doses from 40 to 200 
pg Doses of F2557 causmg synaptic depression 
were intermediate between those of the two other 
compounds In six perfusions the average doses^ 
depressing synaptic transmission were 5 mg 
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Fig 1 — Cat.chloralose 
Perfused superior 
cervical ganglion 
Record of contrac- 
tions of the nictita- 
ting membrane to 
mtra-artenal doses 
of 50 Mg acetyl- 
chohne I=F2512, 
m = F2559, II = 
F2557. 


F2559, 500 /ig F2557, and 100 ^g F2512 K 
these doses are compared with those injected mtra- 
artenally to depress neuromuscular transmission 
(Section (4) ) it will be seen that they are of similar 
magmtude but m the reverse order, the ratio being 
50 5 1 - 

(2) Effect on the contractions of the nictitating 
membrane induced by the injection of 
acetylcholine into 'the perfused superior 
cervical ganglion 

Method — ^The method was the same as that in 
Section (1) 

Results — ^Fig 1 shows the effect of the three 
compounds given m succession A dose as small 
as 20 Mg F2512 reduced the response to acetyl- 
cholme by 50 per cent , it recoveced very quickly 
As much as 2 mg F2559 were required to reduce 
the response by about 25 per cent, but recovery 
was slow When now 200 pg F2557 were mjected 
the response was greatly augmented About 
400-500 pg F2557 produced depression from 
which the ganghon did not recover The ratio of 
paralysmg doses was thus 100 20-1 

The injection of the three compounds had no 
action by itself except that F2512, m a dose of 
50-100 pg , sometimes caused a contraction of 
the mctitatmg membrane just as cl-tubocurarme 
occasionally does 

The surpnsmg observation in these experiments 
was the sensitizing action of F2557 on the ganghon 
to the mjection of acetylcholme Probably this 
action IS related to the mhibition of chohnesterase 
by this compound which will be discussed below 

(3) Effect on the contractions of the nictitating 
membrane induced by the injection of 
acetylcholine into the denervated ganglion 

(a) Administration of doses mto the Imgual 
artery 

Method — ^Seven to eight days after the cervical 

sympathetic nerve had been cut the cats were 


anaesthetized with chloralose A loop was put 
round the external carotid artery, which was 
temporarily occluded while injections were 
made through a cannula mserted mto the Imgual 
artery and pointmg backwards to the common 
carotid 

Results — A shght peripheral action on the nicti- 
tating membrane itself, producmg a slow small 
contraction, was observed after the injection of 
acetylcholme even after removal of the ganghon 
,at the end of the expenment However, the con- 
tractions of the membrane produced by the gang- 
home action of acetylcholme jvere immediate and 
much larger, and the followmg results were 
obtained No dose of F2559 up to 10 mg 
depressed the response to acetylcholme Doses 
of F2557 up to 5 mg caused sensitization like 
that seen m Fig 1 , larger doses, up to 10 mg, 
caused some depression The most active sub- 
stance of the three was F2512, which depressed 
the acetylchohne response m a dose of about 100 
pg , in this dose it was once observed to cause 'a 
contraction by itself The ratio of paralysmg doses 
was thus > 100 100 1 

ib) Experiments on the perfused denervated 
supenor cervical ganglion 

Method — ^This was the same as in (1) 

Results — Agam it was found that F2559 in 
doses up to 10 mg had no action, 5 mg F2557 
caused sensitization and 10 mg depression , 100 
pg F2512 caused a big contraction by itself (as 
40 pg tubocuranne chloride did m this same 
expenment) and depressed the response to acetyl- 
cholme by 50 per cent The ratio of paralysmg 
doses was agam > 100 100 1 

Thus the difference between the responses of 
normal and denervated gangha to acetylcholme 
was that about five times the amount of the cura- 
nzmg agent was required to depress the action of 
acetylchohne m denervated gangha The activities 
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of the three substances remauied m the same order 
but the ratios were very much greater 

(4) Effect on the response of skeletal muscle to 
stimulatton of the motor nen’e 

Method — Cats anaesthetized with chloralose 
were used The contractions of the gastrocnemius 
to maximal single shocks (15 per nun) apphed to 
the sciatic nerve were recorded The corhpounds 
were injected intra-artenally through a cannula 
inserted into the opposite iliac artery and pointing 
towards the bifurcation of the aorta 

Results — ^The ratio of intra-artenal doses 
required to reduce muscular contractions to 


about 50 per cent was found to be the same as 
that of mtravenous doses The curanang intra- 
venous doses were 500-750 jag of F2559, 1-2 mg 
of F2557, and 20 mg of F2512 per kg respectively 
(Depierre, 1947) By the artenal route they were 
200 jLig , 400 /ig , and 4 mg per kg ^The ratio of 
curanzing doses was thus 1 2-4 20-40 

(5) Effect on the response of skeletal muscle to 
close artenal injections of acetylcholine 

Method -^The tibiahs anterior muscle prepara- 
tion was used af desenbed by Brown (1938) and 
acetyJehohne was injected into the tibial artery 
The compounds, however, were injected intra- 




7 —Cat chloralose Recordlof contractions of denervated gastrocnemius evpk^ 
by intra-’artenal injections of acetylcholine (o) &P No 12, 

99 days dose of acetylcholine -= 30 {jg ^ No 2, i^Ie 

dose of acetylcholine] = 100 fig I — 1^12, HI — F2559 ^ . -ynnient 

chlondc Note that I and T depress the response in small doses and augment 

it in large doses 
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venously because it was found that the muscle did 
not recover if they were given by close artenal 
injection 

Results — The doses required to produce a 
depression of the muscle contraction of 20 per 
cent were 0 4 mg F2559, 13 mg F2557, and 5 mg 
F25I2 For a depression of 75 per cent the doses 
required were 0 75 mg , 2 mg , and 100 mg respec- 
ti\ely Thus the ratio ivas found to be about 
1 4 12 

(6) E^ect on the response of denen^ated muscle 
to the distant arterial injection of acetyl- 
choline 

Method — The sciatic nerve was cut 6-30 days 
before the expenment The cats were anaesthetized 


with chloralose The contractions of the gastro- 
cnermus were recorded, and the injections of acetyl- 
chohne, as well as of the curanzmg compounds, 
were made mto the iliac artery as in (4) 

Kesiilfs— The acUon of the three compounds on 
denervated muscle was found to be very complex 
F2559 was not so potent as F2512 when given in 
small doses, but as the dose of F2559 was increased 
the paralysmg effect on the muscle response became 
greater On the other hand, F2512 depressed the 
response of denervated muscle to acetylcholme 
in small doses only , as the dose of F2512 was 
increased its paralysmg effect became less and 
less, and when given m large doses it actually 
increased the response to acetylcholme (Fig Id) 
F2557 was found to depress the muscle response to 


TABLE I 

PERCEOTAGE CHAIsGES IN THE RESPONSE OF DENERVATED MUSCLE TO ACETYLCHOLINE PRODUCED BY orFFERENT 

DOSES OF F2559 and F2512 
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acetylcholine m relatively large doses only (1-2 mg ) 
No augmentation of the muscle response was 
observed (though this was regularly seen in the 
sympathetic ganghon), but as this compdund pos- 
sesses some anticholmesterase activity (see Section 
(8) ), which would naturally interfere with its 
action. It was not exammed so thoroughly as the 
other two compounds 

The results of 12 experiments m which the effects 
of several doses of F2559 and F2512 were com- 
pared are given m Table I In order to make such 
a comparison doses of acetylcholme were given at 
intervals of 15 mm One mmute before the injec- 
tion of acetylchohne the curanzmg compound was 
given, and care was taken not to cause too large 
a depression, as otherwise the previous muscle 
response to acetylchohne would not return , for 
this reason the percentage changes of the muscle 
\ response are mostly small, but m each expenment 
it will be seen that the depressmg action of 'F2559 
increased with mcreasmg doses, whereas that of 


F2512 dimmished when larger doses w6re' used 
The latter compound had ^ stimulating action 
Itself , m doses of 100 jig or more it caused a 
muscle contraction, and it was m this range, from 
0 1 to 1 0 mg , that it often did not dimmish but 
mcreased the subsequent response to acetylcholine 
F2559 m doses of about 1 mg caused a consider- 
able depression In one expenment only had 
F2559 a stimulant action itself , 1 mg caused a 
small muscle contraction (see Fig 3 (a)) and 
depressed the subsequent response to acetylchohne, 
whereas 4 mg caused a large contraction and sensi- 
tized the muscle to a subsequent injection of acetyl- 
cholme (Exp 6 m Table 1) 

If the percentage changes shown m Table I are 
taken as an mdex of the activities of the two com- 
pounds it wiU be seen that F2512 appears to have 
a much stronger paralysmg action than F2559 m 
the dosage range 20-50 /ig , whereas m the range 
200-500 ixg this ratio of potency is completely 
reversed 




Fig 3 —Records as m Fig 2 (a) Exp No 6, muscle denervated for 14 ^ys, 

dose of acetylchohne = 20 Mg (b) Exp No 5. muscle denervated lor 14 days, 
dose of acetylcholine = 50 iig I = F2512, ni =F2559 Note that 20 
depress, 1 mg I augments quick phase, both depress slow phase, while ill 
depresses quidv phase only , 
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The difficulties encountered in assessing the rela- 
tive activities of the two compounds may be seen 
in Fig 2 (a) In this experiment 200 ns F2559 
and 50 /xg F2512 were found to be equiactive 
doses However, when the dose of F2512 was 
mcreased to 200 /xg it produced not more depres- 
sion but mstead an augmentation of the muscle 
response to acetylcholme This sensitizing action 
was still seen m the response to acetylchohne 15 
mm later A similar effect obtained with x^-tubo- 
curarine chloride is shown m Fig 2 (b) A small 
dose, 1 e , 10 /xg , caused some depression (as 50 /xg 
F2512 in (a) ), but a larger dose, 100 /xg , not only 
caused a muscle contraction by itself (as 200 /xg 
F2512 m (a) ) but mcreased the three subsequent 
responses to acetylcholine It may also be noted 
that whereas the first quick phase of the contrac- 
tion was mcreased the second slow phase was 
depressed Agam, F2512 usually, though not 
always, depressed the slow phase more than the 
quick phase, vvhereas F2559 depressed the quick 
phase and usually left the second phase unchanged 
An example of this is given m Fig 3 

The sensitizing action of F2512 was clearly 
related to its own stimulating action, as it mostly 
occurred after the compound itself had elicited a 
muscle contraction , thus, m companng its paralys- 
ing activity with that of F2559 the results obtained 
with small doses are the more important ones In 
the experiments Nos 1, 8, and 9 it was possible to 
observe a progressive depression with mcreasmg 
doses and then m Nos 1 and 9 a change to 
augmentation In the remammg expenments the 
threshold was obviously below the smallest dose 
employed 

Table I also shows that the action of the two 
compounds was independent both of the number 
of days the muscle had been denervated and of 
the dose of acetylchohne used to ehcit the muscle 
contraction ^ 

(7) Effect on the response of the isolated dia- 
phragm to stimulation of the phrenic nerve 

Method — ^The preparation was that descnbed 
by Bulbrmg (1946) and the test was earned out as 
descnbed by Chou (1947) Rats were used as well 
as a newborn kitten 

Results — ^The raho of potency of the three com- 
Dounds on the rat’s isolated muscle was different 
from that on the kitten’s muscle, which was, how- 
ever, found to be similar to that on the cat’s 
muscle in situ This species difference was first 
pomted out to us m a personal communication 
from Dr J W Trevan and has recently been 
reported by Wien (1948) On the rat’s diaphragm 


a 50 per cent depression of maximal muscle con- 
tractions was produced by 6-8 mg F2559, 15-22 
mg F2557, and 3-7 mg F2512 in a 50 cc bath, 
which gives a ratio of 1 2 0 5-1 , thus on the 
rat’s muscle F2559 and F2512 were of about equal 
strength, but on the kitten’s muscle F2559 was 
about 10 times stronger than F2512, which is a 
similar result to those obtamed on the cat’s muscle 
in situ 

(8) Effect on cholinesterase 

Method — ^The details of the method used are 
described by Blilbrmg and Chou (1947) Only the 
inhibition of “ true ” cholmesterase (dog’s caudate 
nucleus suspension) has been studied Mrs P 
Holton very kmdly earned out these expenrrfents 
for us 

Results — ^It was found that F2559 and F2512 
had no anti-cholinesterase activity m a concentra- 
tion of 10-^M F2557 was found to have a weak 

inhibitory action The results are given in Table 
II The concentration of acetylchohne used in 
these experiments was 6 x lO'^M 


TABLE n 

INHIBmON OF CHOLINESTERASE (DOG’S CAUDATE NUCLEUS) 

BY F2557 



Percentage inhibition at 

Expenment 

10-W 

3 X 10-‘M 

10 W 

3 X 10-W 

1 

10 

— 

50 

— 

2 

7 



47 

— 

3 

15 

26 

41 

(A 


Discussion 

The compounds mvestigated are of special 
interest because they show a remarkable dis- 
crepancy between their paralysing action on neuro- 
muscular transmission and their blockmg action 
on synaptic transmission m the sympathetic -gang- 
lion From the doses required to cause a given 
depression of the response Table in has been 
constructed, which gives the relative activities of 
the three compounds on various preparations 

The ratio of activity on denervated muscle could 
not be assessed, since it vaned with the dose 
employed Thus, if small doses of the curanzmg 
substance, e g , 20-100 /xg , were used, F2512 was 
found to be 10-20 times stronger than 1^559 
When larger doses were given, eg, 200 /xg-500 
/xg , the ratio was reversed and F2559 was found 
to be 2-5 times- stronger than F2512 When still 
larger doses were used the stimulant action of 
F2512 itself and its sensitizmg effect on -ihe 
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TABLE 

in 



Preparation 

Relative activities 


F2512 

1 F2557 

1 

F2559 

Sympathetic ranglion stimu- 
late through pregangliomc 

100 

' 1 
1 

1 

nerve 

20 

' 2 

Sympathetic ganglion stimu- 




lat^ by mtra-artenal acetyl- 
cholme 

100 

5 

1 

Denervated sjonpathetic gang- 
lion stimulated by i a acetyl- 
choline 

100 

1 

1 

Skeletal muscle stimulated 




through motor nerve 

Skeletal muscle stimulated by 

2-5 

25-50 

100 

mtra-artenal acetylcholme 

8 

25 

100 


response to acetylchohne became prominent and 
the comparison of the two compounds became 
impossible F2557, which depressed the muscle 
response to acetylcholine only in large doses of 
about 1 mg , was again intermediate in potency 
between the two other compounds However, this 
substance has some anti-choUnesterase activity and 
~this was probably responsible for the augmentation 
of the action of acetylcholme in the sympathetic 
gangUon On the muscle we never observed this 
augmentor action, but we did not include F2557 
' m the detailed comparison on denervated muscle 
A striking similarity was found to exist between 
the inhibitory effect of F2512 and F2559 on the 
action of acetylcholme m the normal sympathetic 
ganglion and in the denervated skeletal muscle 
This was evident in a certain range of doses, in 
which the stimulant action of the compounds 
themselves was too small to mterfere In the 
normal sympathetic ganghon the potency of F2512 
was found by Depierre (1947) to be very similar 
to that of d-tubocuranne, though the effect of 
F2512 IS short-lasting In denervated muscle we 
observed the same similarity Not only were the 
doses of the two substances required to depress 
the action of acetylcholme of the same magnitude, 
but d-tubocurarine was also found to have a stimu- 
lant action Itself and to sensitize the denervated 
muscle to subsequent injections of acetylcholme 
This observaUon supplements that of McIntyre 
and King (1943), who found that m the dog stimu- 
lant doses of d-tubocuranne rendered the muscle 
unresponsive to previously effective quantities of 
acetylcholme It may be that the doses of d-tubo- 
curanne used by McIntyre were larger than those 
we employed We found that stimulant doses of 
both substances do not necessanly depress the 
subsequent muscle response to acetylcholme 


Both d-tubocuranne and F25I2 depress m small 
doses , with larger doses they sensitize , and with 
still larger doses they depress once more 

Summary 

1 The action of j8-diethylammoethoxybenzene 
ethiodide (F2512), 1 3-bis-()3-diethylaminoethoxy)- 
benzene diethiodide (F2557), and 1 2 3 - tri - (jff - 
diethylammoethoxy)benzene tnethiodide (F2559) 
was studied on skeletal muscle and the sympathetic 
ganghon, both normal and denervated 

2 On normal skeletal muscle F2559 has a strong 
curarizmg action both when the muscle is stimu- 
lated through its nerve and when it is exposed to 
mtra-artenal mjecfions oLacetylcholme , F2512 is 
12 to 50 hmes weaker This ratio of achvity is 
reversed on the sympathetic ganghon whether it 
IS stimulated through its preganghonic nerve or 
by mtra-artenal mjection of acetylcholme, F2512 
peing 50 to 100 times stronger than F2559 

3 On denervated skeletal muscle, stimulated by 
mtra-artenal injection of acetylcholme, the ratio 
of activities of F2512 and F2559 is the reverse of 
that m normal muscle, provided that the doses of 
the curarizmg agents are small F2SI2 is then, as 
m the normal sympathetic ganglion, 10-20 times 
stronger than F2559 

* 4 Large doses of F251 2 have a sensitizing action 

on denervated muscle , as the dose is iilcreased the 
diminution of the muscle response to acetylchohne 
gives way to an augmentation Tins effect has also 
been observed with o'-tubocuranne 

5 F2512 and d-tubocurarine both have a stimu 
lant action by Jhemselves on the normal as well as 
on the denervated sympathetic ganglion and on 
the denervated muscle 

6 F2557 causes a 50 per cent mhibition of 
“ true ” cholinesterase (dog’s caudate nuclem 
suspension) m a concentration lO^M F2512 and 
F2559 do not inhibit cholinesterase in this 
concentration 
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TUBOCURARINE ANTAGONISM AND INHIBITION OF 

CHOLINESTERASES 

BY 

H BLASCHKO, E BULBRING, AND T C CHOU 
From the Department of Pharmacology, Oxford 

CRecelved Aumist 4, 1948) 


In a recent paper Bulbring and Chou (1947) 
compared the activities of various substances with 
that of prosugmine as antagonists to tubocurarme 
and as inhibitors of cholinesterase The results 
obtamed with ethyl homologues of proshgmine 
suggested that a parallelism might exist between 
the two activities, and for this reason a larger 
senes of chemical compounds has now been 
investigated 

All the substances studied are given m Table 1 
Compounds 3392 and 3393, the mono- and di- 
ethyl homologues of prostigmme, are the two 
substances previously examined , compound S208 

TABLE I 



■ 0-0 


CH,N(CH3),}Br 
— O CO NCCHa), 


Nu 683 


CH, 



CH, CH, 


Esennc sulphate 



Nu 1250, R = Cl 
Nu 1197, R = CHj 


V,— O CO N(CH,)j 




}Br 


5130 



HCCH3 

ijfCHalsHjCl 


Miotine hydrochlonde 



IS the N-triethyl homologhe of the same series 
Compound 5220/5 is an amme oxide closely re- 
lated to prostigmme , this substance is of mterest 
as a prostigmme denvative m which the quater- 
nary ammonium group has lost its strongly basic 
character Compounds Nu 1250 and Nu 1197 are 
known to be strong inhibitors of true chohn- 
esterase (Aeschlimann and Stempel, 1946), and the 
compound Nu 683 was included because it is 



30 


H BLASCHKO. E BULBRING. AND T C CHOU 



Fig 1 — Evaluation of antitubocurarme activity on the rat’s 
phrenic nerve-diaphragm Ordinate = dose of ^/-tubocuranne 
chloride m /ig Abscissa = log concentration of 3393 The 
circle mdicates ^the pomt from which the pD 20 value is 
found (see text) 


known to be a specific inhibitor of pseudo- 
cholinesterase (Hawkins and Gunter, 1946) 

Methods 

For the estimation of the anticurare activity the 
isolated phremc nerve diaphragm preparation of the 
rat (BUlbnng, 1946) was used The quantitative 
evaluation was based on the fact that the dose of 
tubocuranne chloride required to cause a certain 
reduction of muscle contractions in the presence of 
an antagonist is proportional to the concentration of 
the antagonist. BQlbnng and Chou (1947) expressed 
the potency of any antagomst in terms of that of 
prostigmme, which they used as a standard For a 
companson of anticurare activity with anticholin- 
esterase activity it was, however, necessary to express 
the potency by an absolute rather than by a relative 
definition This was done as illustrated m Fig 1, in 
which the mean results of five experiments arc shown 
Each point represents the relation between a given 
concentration ^of 3393 (abscissae) and the dose of 
d-tubocuranne chlonde (ordmates) which caused 
20 per cent depression of the muscle contractions 
A dose of d-tubocurarme chlonde had to be chosen 
which was antagonized by most of the substances 
investigated within the range of concentrations used , 
this was 180 a'B The corresponding concentration of 
the antagonist was found by mterpolation as shown 
in Fig 1 For four compounds (38, Nu 683, 5150, 


and 5220/5) it had to be found by extra- 
polation The potency of any tubo- 
curarme antagonist was thus expressed 
as the negative loganthm of the concen- 
tration m the presence of which 180 /ig 
d-tubocuranne chlonde caused 20 percent 
depression of the muscle contractions 
This IS the pD 20 value , the figures are 
given m Table HL 

The method of estimating antichohn- 
esterase activity was the same as that 
desenbed by BUlbnng and Chou (1947) 
The mhibitory action on both true and 
pseudo-chohnesterase was studied Each 
substance was therefore meubated with 
dog’s brain (caudate nucleus) and acetyl 
chohne (for its action on true cholin- 
esterase) and also with horse serum and 
benzoylcholme (for its action on pseudo 
chohnesterase) Table U gives the quanti- 
ties of enzyme preparations and substrates 
used in our expenments 

Results 

For the estimation of anticholinesterase activity 
several different concentrations of the inhibitor 
were' tested An absolute value of mhibitory 
activity was obtained by findmg an index which 
was called pi 50 Fig 2 shows all the results 
obta'ined with different concentrations of prostig- 
rmne on the two enzymes Each pomt corre- 
sponds to one observation, and the curves are 
drawn through the means for each prostigmme 
concentration The abscissa of the pomt where 
the curve crosses the 50 per cent line is the nega- 
tive logarithm of the molar concentration which 
causes 50 per cent inhibition this is the pi 50 
value It can be seen in Fig 2a that the pi 50 
value obtamed with dog’s brain was 7 4 The 
actual figures m eight individual expenments were 
72,76,75,71,75,73,73 With horse senlm 
the individual figures m four experiments (Fig 2b) 
were 7 2, 7 1, 7 35, 7 15, and the mean was thus 
7 2 Koelle and Gilman (1946) used a similar 
index which they called pK \^enever possible 
the pi 50 value for each enzyme preparation was 
determined with the inhibitor to be tested and 
with prostigmme on the same day 



TABLE n 



1 Source and amount of enzyme 

Substrate 

1 

Type of enzyme 

preparation added to each flask 
(Total vol = 3 c c ) 

True cholmesterase 

4 mg dog’s caudate nucleus 

. 

6 X lO-’iW acctylcholme 

Pseudo-cholmesterase 

j 2 c c horse serum 

6x 10-W benzoylcholme 
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Fig 2 —Evaluation of anticholinesterase acUvity of prostigmme (a) Dog’s caudate nucleus, 
(6) horse serum Ordmates = percentages inhibition Abscissae = log molar concentration 
of prosugmine The pi 50 value is found from the point where the 50 per cent Ime crosses, 
the curves 


The ethyl honiologues of prostigmme — Since 
the earlier publication of Biilbnng and Chou 
(1947) the triethyl homologue of prostigmme 
(S208) has become available It had been found 
previously that the substitution of one methyl 
group on the quaternary mtrogen by ethyl in- 
creased the activity both as mhibitor of the two 
cholinesterases ^and as antagonist to tubocuranne 
The introduction of the second ethyl led to a still 
further mcrease m activity We have now exam- 
ined S208 and have found that the mtroduction 


of the third ethyl group decreases the activity m 
both respects below that of prostigmme itself The 
figures will be found in Table III, in which all the 
results are summarized 

The amme-oxtde homologue of prostigmme 
(5220 j 5 ) — This compound was without any anti- 
curare activity m the concentration tested The 
pD 20 value was determmed by extrapolation and 
was the lowest of dll Its inhibitory action on 
both enzymes was also weak It is known that 
the amine oxides of the general structure 


TABLE m 


Compounds 

Mol 

weight 

1 

Anticurarme 
activity 
pD 20 value 

1 " 

Anticholmesterase activity 
pi 50 value 

On true j 

cholinesterase 

On pseudo- 
cholinesterase 

Prostigmme (RNMcj)* 

334 

7 60 

I 

74 

7 2 

3392 (RNMe Et) 

336 

8 19 

80 

7 3 

3393 (RNMeEtJ 

350 

8 57 

82 

8 0 

S208 (RNEt,) 

392 

6 59 

72 

74 

Miotme HCl 

254 

7 85 

72 

6 4 

Esenne sulphate 

648 

7 21 

7 1 

7 7 

No 38 

354 

623 

7 1 

7 6 

Nu 1250 

339 7 

7 26 

74 

7 9 

Null97 

379 3 

7 31 

69 

7 1 

Nu 683 

388 

544 

62 

8 5 

5130 

251 

5 26 

64 

5 8 

5220/5 (RNMe-OH) 

240 5 

4 77 

45 

44 


•R m-(CH,),NCO,C,H,- 
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RjNOH} OH (where R is an alkyl or aromatic 
radical) are bases with very small dissoaation 
constants and in aqueous solution they exist 
almost entirely as undissociated molecules For 
instance, the salts of trimethylamine oxide, 
Me,NOH}I, show an acid reaction in solution 
Our results therefore reveal that the strongly 
basic character of the phenohc mtrogen radical 
is indispensable for a substance with strong anti- 
cholinesterase and anticurare activity 

Substances with predominantly mlubiior action 
on pseudo-cholinesterase — Hawkins and Gunter 
(1946) found that the substance Nu 683 was a 
strong mhibitor of pseudo-cholinesterase, whereas 
it affected true cholinesterase only in very high 
concentrations In the living animal it produced 
symptoms of acetylcholme poisomng only in 
' doses which significantly reduced the action of the 
true enzyme The authors concluded that these 
results indicated that pseudo-chobnesterase 
played no essential part in the hydrolysis of 
acetylcholme m vivo We found that both the 
anticurare action of Nu 683 and its inhibitory 
acbon on true chohnesterase were low, whereas 
Its action on pseudo-chobnesterase was high 

The parallelism between anitcurarme activity 
and inhibitory action on true cholinesterase — 
Inspection of Table HI will show that the differ- 
ent substances do not always have the same 
inhibitory acbon on both esterases , some inhibit 
pseudo-cholmesterase more strongly than true 
cholmesterase and vice versa On the whole, 
however, there is good agreement between the 
degree of inhibitory activity on true cholmesterase 
and that of anbtubocuranne activity, whereas no 
such correlation exists between the action on 
pseudo-cholmesterase and tubocurarine antagon- 
ism We are very grateful to Dr W Perry for 
the statistical analysis of the results in Table HI, 
by which it was established that a significant 
correlabon exists between the values for anti- 
curare acbvity and those for anti-true-chobn- 
esterase activity (P<;0 001), whereas there is no 
indication of a similar correlation between anti- 
curare and anti-pseudo-chohnesterase acbvities 
(P>01) 

Discussion 

Our results show that there is a significant 
correlabon between anbtubocuranne acbvity and 
inhibitory acbon on true cholinesterase This sup- 
ports the view of Hawkms and Mendel (1947) that 
it IS the true cholmesterase which is responsible for 
the destrucbon of acetylcholme at the site of its 
physiological action 


Aeschbmann and Stempel (1946) have esti- 
mated the inhibition of a purified specific 6hobn- 
esterase preparabon from the electnc eel by 
Nu 1250 and Nu 1197 They found that the 
anticholinesterase activity of Nu 1250 was five 
times, and that of Nu 1197 more than equal to, 
that of prosbgtmne We find that the first sub- 
stance has the same activity as prostigmine, and 
the second substance has less activity A possible 
reason for this discrepancy is the different source 
of the enzyme , we have used a suspension of the 
dog’s caudate nucleus and consequently our tests 
both for anticurare acbvity and for anticholin- 
esterase acbvity were earned out with mammalian 
tissues 

Itjs known that structural changes of the pros- 
bgmme molecule sometimes mcrease the affinity 
for one enzyme and decrease it for the other 
One example is Nu 683, winch is of special interest 
here as the decline m inhibitory action on true 
chohnesterase finds its parallel in weaker anti- 
curare acbvity 

An important r^ult of our expenments is the 
findmg that a strongly basic mbogen radical m 
the phenohc moiety of the molecule is indispen- 
sable not only for a strong anbeurare acbvity but 
also for a strong anbehohn esterase' activify 
The ethyl homologues" of prostigmine provide 
an mteresbng group of compounds subsbtubon 
of the methyl groups on the quaternary nitrogen 
of prostigmine hy ethyl at first increases both 
the antitubocuranne and the anbehohnesterase 
acbvity, but the 'peak is reached at the diethyl 
compound and the activity of the tnethyl com- 
pound IS again much less 

Summary 

1 The anbtubocuranne activity of a series of 
compounds related to prostigmme was compared 
with their inhibitory action on the true chohn- 
esterase of dog’s caudate nucleus and on the 
pseudo-cholmesterase of horse serum 

2 Significant correlabon was found between 
the’ inhifaibon of bue chohnesterase and Che 
antagomsm to (f-tufaocurarine 

Thanks are due to Dr J A Aeschhmann and Dr 
F Bergel for some of the substances used 
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THE ACTION OF LOCAL ANAESTHETICS AND 
rf-TUBOCURARINE ON THE ISOLATED INTESTINE 
- OF THE RABBIT AND GUINEA-PIG 

BY 

W FELDBERG* AND R C Y LIN - (Chengtu)t 
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(Received August 6 1948) 


This paper describes the action of local anaes- 
thetics and of d-tubocuranne chlonde on isolated 
intestinal preparations In order to distinguish 
experimentally between the action of these sub- 
stances on the muscle fibres and their action on 
the nervous structures present m the preparation 
the following procedure was adopted an effect 
on the tone and spontaneous rhythm of the muscle 
and on the responses to acetylchohne or histamine 
was taken as evidence for action on the excita- 
bihty of the muscle fibres , on the other hand the 
mcotine response and the local penstaltic reflex 
provided reactions with which the excitabihty of 
the nervous structures m the intestme could be 
tested 

Methods 

The experiments were earned out on isolated 
preparations of the rabbit’s and gmnea-pig’s ileum 
suspended m aerated Tyrode’s solution A 16 cc 
bath was used when the contractions of the longi- 
tudmal muscle alone were recorded , this was done 
with a Lovatt Evans frontal wntmg lever In the 
experiments on the penstaltic reflex the mtestinal 
volume was recorded accordmg to the method 
desenbed by Trebdelenburg (1917) A piston 
recorder of the Brodie type was used for this pur- 
pose, and the bath volume was 35 c c The method 
of suspendmg the intestinal preparation was identical 
with that desenbed by Feldberg and Solandt (1942) 
The temperature of the bath was kept at 37° C when 
the rabbit’s, and at 35° C when the gumea-pig’s, ileum 
was used The amraals were killed by a blow on the 
head immediately before the intestme was removed 

The local anaesthetics used were cocame hydro- 
chlonde, procaine hydrochlonde, and nupercame 
hydrochlonde The amounts stated in the text refer 
to the salts and not to the bases 
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tBntish Council Fellow 

C 


Results 

I Effect on the excitability of the muscle fibres 

Movements and tone of the muscles of the small 
intestme of most animals are mcreased by small 
doses of cocaine and decreased by large ones (von 
Anrep, 1880 , Bayhss and Starling, 1899 , Langley 
and Magnus, 1905 , Kuroda, 1915 , and Trendel- 
enburg, 1917) On the gumea-pig’s mtestme, how- 
ever, the action of cocame was found by Trendel- 
enburg to be always depressant In our expenence 
this was not so 

Gumea-pig — ^In some preparations small doses 
of cocame had a stimulatmg effect The contract 
tions of the longitudmal muscle were usually 
found to be small and transient and obtamable 
only when cocame was added to the bath for the 
first time In a few preparations, however, cocame 
produced strong and well-mamtamed contractions 
which could be obtamed with each new admmis- 
trahon of the drug and resembled the contractions 
produced by acetylchohne or histamme Even 
when cocame had no stimulatmg action of its own, 
small doses often rendered the preparation more 
sensitive to the stimulatmg action of histamme or 
acetylchohne 

In order to obtam the depressant action of 
cocame it had to be given -m concentrations 
stronger than 1 m 80,000 (see Fig lb) There 
might then be some relaxation of the tone of the 
longitudmal muscle and reduction of the spon- 
taneous contractions if they were present The 
most obvious effect, however, was the reduction m 
the response to acetylchohne, histamme, or potas- 
sium The depression was greatest durmg the first 
few mmutes of the cocame action and decreased 
somewhat when the cocame was kept in the bath 
for longer penods After the cocame had been 
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Fig 1 — Contractions of guinea-pig’s ileum m 16 c c 
Tyrode’s solution At (Ac) acetylcholine chlonde, 
at (Ni) nicotine tartrate in /ig , as indicated at the 
bottom of the figure, added to the bath The broad 
white fines indicate the periods durmg which the 
bath contained cocame, 1 in 80,000 (first two white 
fines) and 1 m 25,000 (last white Ime) 

washed out the muscle quickly regained its original 
sensitivity, m fact for IQ to 15 mm it became even 
more sensitive to histamine or acetylcholine than 
it had been before the cocaine adraimstration (see 
Fig 1) 

During a cocaine depression the muscle was 
unable to contract as strongly as the untreated 
muscle even if acetylcholine or histamine were 
given in hundredfold increased amounts The 
extent of the reduction in contrachbility depended 
on the concentration of cocaine present in the 
bath, becoming more pronounced with increasmg 
concentration 

Other local anaesthetics examined depressed 
the muscle fibres m weaker concentrations than 
cocaine A reduction of the acetylcholine response 
similar -to that seen with 1 in 35,000 cocaine was 
seen with concentrations of 1 m 600,000 procaine 
and 1 in 800,000 nupercaine 


d-Tubocuranne chloride, even if given in strong 
concentrations (1 in 80,000 to 1 in 16,000), did not 
affect the muscle tone and had only a slight and 
irregular effect on the responses to acetylcholine 
and to histarmae The responses to histamine 
were sometimes slightly depressed, sometimes 
shghtly augmented , those to acetylcholine, how- 
ever, were usually slightly depressed , the depres- 
sion did not become more pronounced when the 
concentration of tubocuranne was mcreased After 
a strong concentration of tubocuranne had been 
washed out there was often a period of a few 
minutes m which the response to acetylcholme was 
augmented 

Rabbit — In some preparations cocaine increased, 
m others it decreased, the amplitude of the 
rhythmic contractions and caused slight loss of 
tone of the longitudmal muscle When different 
parts of the mtestine were examined inhibition by 
cocame was found to occur more regularly m the 
duodenum and jejunum and stimulation m the 
ileum, so that sometimes cocaine had opposite 
effects in different parts of the same mtestine In 
order to obtam inhibition of the acetylcholine 
response cocaine bad to be given in concentrations 
higher than 1 m 30,000, except m preparations 
which had been kept suspended in the bath for 
several hours and had become more sensitive to 
the depressant action of cocaine Nupercame was 
about 20 times as active as cocaine A similar 
inhibitory achon of other local anaestheUcs on 
the rabbit’s duodenum has been desenbed by 
Tripod (1940), and more recently by Dawes (194^ 
and de Elfo (1948) 

d-Tubocuranne chlonde in a concentration of 
1 m 30,000 or stronger usually caused slight and 
transient augmentation of the tone and amplitude 
of the rhythmic contractions Smee this effect was 
not prevented by the presence of a strong concen- 
tration of local anaesthetics in the bath fluid, it 
could not have been due to stimulation of the 
ganglion cells in the intestinal wail In some 
preparations weak concentrations of tubocuranne 
(about 1 in 200,000) had a slight depressant effect 
on the response to acetylcholine, in others such an 
effect was obtained with very strong concentrations 
only (1 in 40,000 to 1 in 16,000) 

II Effect on the nen’ous structures m the 
intestinal preparation 

(a) The nicotine response of the guinea-pig’s ileum 

The addition of small doses of nicotine to the 
bath m which a gumea-pig’s ileum is suspended 
produces contractions which differ from InKe 
produced by acetylcholine or histamine in that the 
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onset IS delayed for a few seconds and the contrac- 
tion Itself proceeds more gradually If a few 
mmutes are allowed each time after the nicotine 
has been washed out and before its renewed 
administration, comparable results can be obtained 
without manifestations of a paralysing action of 
mcotme, but when such an experiment is continued 
for long penods the responses to nicotine often 
become gradually smaller 

The mcotme contractions are abohshed by con- 
centrations of local anaesthetics or tubocurarme 
chlonde which do not yet affect or affect slightly 
only equally strong contractions produced by hist- 
amme or acetylcholine In the experiment of Fig 
1, doses of 15 and 30 /ig of nicotine had stronger 
actions than 0 05 and 0 1 /xg of acetylcholine 
respectively Cocaine (I in 80,000) prevented the 
mcotme responses but left those to acetylchohne 
practically unaffected The preparation was not 
completely insensitive to mcotme, which m a dose 
of 200 /ig caused a small contraction In order to 
abohsh this response the concentration of cocame 
had to be increased to such an extent that it 
reduced the response to acetylcholine, i e , the 
excitabihty of the muscle fibres (Fig 16) An 
experiment like that for cocame m Fig la is 
shown for tubocurarme m Fig 2 
In the experiment of Fig 3 the procedure was 
slightly modified It illustrates that an acetyl- 
cholme, but not a mcotme, contraction is mam- 
tamed m the presence of 1 m 80,000 cocaine , 
relaxation of ^e mcotme contraction started 13 
sec after adding the cocaine to the bath 
The inhibitmg effect of cocame and tubocurarme 
on the mcotme response is not so strong as that 
produced by paralysing doses of nicotine itself 



(a) (6) (c) (^) (e) 

Fig 2 — Contractions of guinea-pig’s ileum in 16 cc 
Tyrode’s solution At (a), (c), and (e) 40 fig mcotme 
tartrate, at (6) and {d) 0 4 fig acetylcholme chlonde 
for 1 mm The broad white hnes mdic^te the 
presence of 200 /ig i/-tubocurarme chlonde m bath 



(P) (6) (c; fu) 


Fig 3 — Contractions of gumea-pig’s ileum m 16 c c 
Tyrode s solution At (a) and (c) 0 4 fig acetylcholme 
chloride kept m the bath for 2i min , but followed 
after the 1st mm at (c) by 200 fig cocame At 
(6) and (d) 35 ftg mcotme tartrate kept m the bath 
for 4 mm , but followed after the 2nd mm 
at (d) by 200 fig cocame Period durmg which 
cocame was present m bath indicated by broad 
white Ime Time m 30 sec 

In the presence of 1 m 200,000 mcotme the prep- 
aration IS paralysed to any dose of mcotme , but 
1 m 40,000 tubocurarme chloride renders the prep- 
aration insensitive to small doses only of mcotme, 
the effect of 100 or 200 [xg of mcotme bemg greatly 
reduced but not abohshed Usually the sensitivity 
of the preparations to the inhibitory action of 
cocaine and tubocurarme mcreased after a few 
hours’ suspension m the bath of Tyrode’s solution 

(6) The peristaltic reflex in the rabbit’s ileum 
The reflex was mitiated by raismg the pressure 
m the lumen of the mtestme by 2 5 to 4 centimetres 
of sahne In some preparations, m which the 
mcreased pressure m the lumen was maintained, 
peristaltic waves continued for hours at regular 
mtervals of 15 to 25 sec , mtemipted from time to 
time by short periods of inactivity of the circular 
muscle In other preparations cessation of the 
reflex took place withm a few minutes after the 
pressure m the lumen had been raised The pro- 
cedure usually adopted was to raise the pressure at 
every 4th mm for 1 mm , and to keep it at 
zero or even below zero dunng the rest of the 
time The reflex could then usually be mitiated 
for hours without signs of fatigue, but m a few 
experiments the penstaltic reflex was not main- 
tained even for the 1-mm period and m others 
fatigue occurred m the course of a prolonged 
expenmenL Some improvement was obtamed by 
adding 1 m 100,000,000 to 200,000,000 eserme to 
the Tyrode’s solution and by keepmg the pressure 
m the lumen of the mtestme at zero for 60 to 
90 mm before startmg or contmumg the experi- 
ment This procedure was adopted as a routine 
m all experiments m which it was not possible to 
obtain the penstaltic reflex regularly But even 
this procedure proved meffective in a few prepara- 
Uons, which therefore had to be discarded 
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As stated by Trendelenburg (1917) the onset of 
the contraction of the arcular muscle layer, which 
starts at the stomach and spreads to the caecah 
end, IS preceded by shortening of the preparation 
owing to contraction of the longitudinal muscle 
fibres The degree of this shortenmg is dependent 
on the tone of the longitudinal muscle and varies 
greatly in different preparations In addition we 
found that sUght vanations in the initial pressure 
m the lumen of the mtestine greatly influenced the 
result With a negative pressure in the lumen the 
longitudinal muscle is well relaxed and, when 
the pressure is raised, it contracts strongly before 
the first wave of contraction of the circular muscle 
spreads over the preparation With an imtial slight 
positive pressure in the lumen, the longitudmal 
muscle IS already partly contracted and the addi- 
tional rise m pressure leads to a relatively small 
further shortenmg of the preparation before it is 
stopped by the onset of the contraction of the 
circular muscle layer In Fig 4a and c the differ- 


ences m the degrees- of shortening in two prepara-* 
tions are illustrated, the initial pressure m the 
lumen at a was about zero, at c -1 cm saline 
The fact that it is really the activity of the 
circular muscle which mterupts the contraction of 
the longitudinal one can be seen from the results 
obtained when the pressure m the lumen was 
lowered at different phases of the penstaltic reflex 
When this occurred dunng the end of a wave of 
contraction of the circular muscle there was no 
further shortening, but when it occurred in the 
interval between two penstaltic waves, when the 
longitudinal muscle had begun to contract, the 
shortening contmued for some time after the 
pressure had been lowered These differences^aro 
illustrated in the two controls shown in Fig 7, 
before the admmistration of nupercaine 
With a negative pressure of 2 or 3 cm saline in 
the lumen of the intestine its walls are in apposi- 
tion,, the longitudmal muscle is well relaxed and 
exhibits no or only small rhythmic contractions 






Fig 5 - Fio 6 
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Fig 


Fig 


4 —Rabbit’s ileum in 35 c c Tyrode’s solution (6 #ig 4 eserme) In this and the following figi^ 
the u^r tiaang records contractions of the longitudinal muscle the lower tracing the mt^tmal 

At (a), (6), and (c) pressure raised m mtestinal lumen to about 3 cm saline dunng the penoos 
mdicated Time m 30 sec Details m text 

5 -^Rabbit’s ileum in 35 c c Tyrode’s solution (6 pg /I eserme) Effect of temperature on peristaltic reflex 
imtiated by raismg pressure in mtestmal lumen to about 3 cm salme for 1 nun Time in 30 sec 

6— Rabbit’s ileum m 35 cc Tyrode’s solution (6 pg 4 eserme) ,^ect co^me on j^n^tic 
Pressure raised m mtestmal lumen to about 3 cm salme for 1 mm at (d) and (b) Broad white line indicates 
presence of 100 pg cocame m the bath Time m 30 sec Details m text 
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In this condition the preparation is particularly 
suitable for testing quantitatively the effects of 
drugs like acetylcholine on the longitudinal muscle 
The first effect of a nse of pressure in the lumen 
IS the reappearance, or an mcrease m the amph- 
tude, of the spontaneous rhythmic contractions , 
with a .further nse in pressure tffe tone of the 
longitudmal muscle increases 

When fatigue of the penstalfic reflex takes place 
the response of the longitudinal muscle is not 
affected The muscle either remains shortened or 
continues to do so after the contractions of the 
circular muscle have ceased (see Fig 46), and if 
the preparation had shown strong rhythmic con- 
tractions before the mitiation of the reflex they 
reappear The tracings then obtained resemble 
that illustrated for cocaine in Fig 6 

The effect of lowering the bath temperature is 
seen in the experiment of Fig 5 At 37° C a 
J-mm penod of increased pressure in the intestmal 
lumen caused four jjenstaltic waves to spread over 
the whole length of the preparation (a and d) , at 
33 5° C there were two such waves and a third 
mcoraplete one (6), and at 32S° C there occurred 
one full and one mcoraplete wave only (c) The 
contraction of the longitudinal muscle, however^ 
was not inhibited when the bath temperature was 
lowered and the activity of the circular muscle 
had come to an end 

Local anaesthetics — Von Anrep m 1880 and 
Bayhss and Starling in 1889 descnbed mhibition 

of the penstalhc reflex in 

the dog when cocame was 


cocaine resembled the effect of fatigue or of lower- 
ing the bath temperature — i e , the contractions of 
the circular but not of the longitudinal muscle were 
affected (see Figs 6, 7, and 8) The concentrations 
of local anaesthetics necessary to inhibit the pen- 
staltic reflex were of the same order as those which 
inhibit the response to small doses of mcotme 
In the experiment of Fig 6 raismg the pressure 
in the lumen of the intestme to 3 cm saline for 
1 nun produced four waves of contraction of the 
circular muscle layer (at a) At b 2 mm after the . 
addition of 100 /ig of cocame to the 35 cc bath 
these contractions no longer occurred when the 
pressure was raised, but the longitudinal muscle 
shortened and, in addition, exhibited its strong 
rhythmic contractions The Figure illustrates well 
the difference in the mechanisms responsible for 
the contractions of the two muscle layers when the 
pressure m the lumen is raised The waves of con- 
traction of the circular muscle are inhibited because 
a local nerve reflex is involved m their mitiation , 
the spontaneous rhythmic contractions, the so- 
called pendular movements, and the mcrease in 
tone of the longitudmal muscle persist because 
they are myogenic in ongin In the expenment" 
of Fig 7 raismg the pressure m the lumen after 
the addition of 100 ixg cocame to the bath still 
produced an imtial small contraction of the circu- 
lar muscle which affected the upper end of the 
preparation only , the longitudinal muscle, on the 
other hand, continued to contract dunng the whole 
penod of increased pressure The quick reversi- 


applied in strong concen- 
trations to the serosa of 
the small mtestme in situ 
According to Bayhss and 
Starlmg the spontaneous 
movements increased at 
the same time On the 
isolated small intestine 
preparations of the rab- 




bit and dog Trendelen- 


burg (1917) obtained in- 
creased peristalsis with 
weak, but mhibition with 
strong, concentrations 

In our experiments the 
main effect of cocame 
was inhibition of the 




penstaltic reflex, although 
there was some indica- 
tion of a stimulatmg 
action The inhibition bv 


Fig 7 —Rabbit s ileum in 35 c c Tyrode’s solution (6 /.g /I esenn ) Com- 
parison of 8 fis nupercaine (A) and 100 cocame (B) on peristaltic reflex 
Pressure m intes^l lumen raised each time to about 3 cm salme for 
1 mm Broad white hne mdicates presence of local anaestheUcs in bath 
1 ime in 30 sec 


38 


FELDBERG AND R C Y LIN 



Fig 8 — Continuation of Fig 6 Pressure in intestinal lumen raised for 3 mm 
each time Companson of 100 jig cocaine (A.) and 10 fig nupercaine (9) 
given 30 sec. after imtiation of peristaltic reflex Broad white lines indicate 
presence of local anaesthetics m bath Time in 30 sec 


bility of the action of cocaine is seen from the fact 
that 3 mm after the cocaine had been washed 
out the peristaltic reflex was restored , mdeed, it 
often became more regular and any signs \ of 
fatigue ongmally present disappeared For instance, 
in the experiment of Fig 8A the last two waves 
of contraction of the circular muscle occurring 
during the first S-min period of increased pressure 
in the lumen of the mtestine were incomplete 
After the cocaine had been washed out this 
“ fatigue ” was no longer seen We do not know 
if this effect of cocaine is the result of mcreased' 
excitability of the muscle fibres, or of the nervous 
elements, or of both 

The inhibitory effect of cocaine develops quickly 
In the experiment of Fig 8A the addition of 
cocaine to the bath 30 sec after the penstaltic 
reflex had been initiated caused cessation of the 
peristaltic waves within 40 sec 

Partial'inhibition of the peristaltic reflex which 
occurs with small doses of cocaine shows the 
following charactenstics (i) the contractions of 
the circular muscle layer come to an end after a 
short time , instead of the four or five waves 
usually passing over the preparation during a 
1-min period of increased pressure there remain 
the initial two or three waves or even a single 
contraction only , (n) the avaves of contraction 
become incomplete and confined to the upper end , 
or (ill) they become irregular and start at the 
middle or lower end or at different points simul- 
taneously , dilated and constricted segments then 
alternate with each other Such disorderly con- 
tractions are also frequently seen during the 
recovery period after a dose of cocaine greater 
than that necessary to produce complete inhibition 
of the penstaltic naves 


When cocaine was used 
in concentrations so strong 
as to depress the excit- 
ability of the muscle fibres 
the response of the longi- 
tudmal muscle to the stim- 
ulus of increased pressure 
in the lumen was also 
abohshed 

The fact that the inhibit- 
ing action of cocaine on 
the penstaltic reflex is 
easily reversible, so that 
It IS possible to obtain 
comparable effects on re- 
peated administration of 
the same dose and graded 
responses with different 
doses, makes it possible to employ this reaction for 
the biological assay of cocaine and to compare its 
action with that of other local anaesthetics When 
this was done it was found that procaine was 
shghtly less active than cocame m inhibiting the 
penstaltic reflex, whereas nupercame was 12 to 12^ 
tunes as active as cocaine and, m -addition, the 
effect of nupercaine was more prolonged and 
developed more gradually In the experiment of 
Fig 7 the nupercaine was added to the bath 2 min 
before the pressure m the lumen was raised for 
1 min and washed out after 3 min This was the 
procedure usually adopted when assaying the 
potency of local anaesthetics against cocaine The 
greatest inhibition of the reflex did not occur 
during the presence of nupercame in the bath but 
3 mm after it had been washed out, and about 20 
nun elapsed before the reflex was restored In the 
expenment of Fig 8, 8 /ig nupercame and 100 jag 
cocaine were added to the bath after the reflex 
had begun With cocaine it took about 40, with 
nupercame about 70, sec before the reflex was 
inhibited, and again the prolonged effect of nuper- 
caine was evident This delay m the action of 
nupercame was taken into account when assaying 
its potency against cocaine The maximal inhibi- 
tion observed after the nupercame had been wash^ 
out was used for companson 
d-Tubocuranne clflonde — ^This drug has only 
an inhibitory and no sbmulatmg action on the 
penstaltic reflex As with the inhibitory effect 
of cocame only the waves of contractions of the 
circular muscle layer are abolished, whereas the 
rhythmic contractions of the longitudinal muscle, 
if present, and its tome contraction in response to 
the increase m pressure in the lumen, persist this 
IS illustrated in Fig 9 In sensitive preparations 
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some inhibition of the reflex is seen with concen- 
trations less than I in 10,000,000 (Fig 10), but for 
complete inhibition higher concentrations are nec- 
essary The effect is easily reversible , recovery 
IS delayed for more than a few mmutes only when 
concentrations are used which are stronger than 
those necessary for complete inhibition of the 
reflex Graded responses are obtamed with dif- 
ferent doses and comparable results' with the same 
dose given repeatedly 



(«) (6) W (rf) 


Fig 9 — ^Rabbit’s ileum m 35 c c Tyrode’s solution. 
(6 /ig /I esenne) The tracings (a) and (6) are from 
one, the tracmgs (c) and (d) from another, mtestme 
Inhibition of penstaltic reflex by 100 /xg <^-tubo- 
curanne chlonde at (b) and (cT), given 2 mm 
before the imtiation of the reflex Pressure m 
mtestmal lumen raised each time for 1 mm to 
about 3 cm sahne Time in 30 sec 

The inhibition of the peristaltic reflex can be 
used as a reaction for assaying unknown solutions 
of tubocuranne and other substances with curare- 
Iike action Fig 10 illustrates the mhibition 
produced by different doses of c?-tubocuranne 
chlonde With 100 and 50 /ig inhibition was 
complete , with 25 jag one wave, with 10 jag one 
and a half, with 5 jag pracUcally two, and with 
2 jag two and a half waves remained Each dose 
of tubocuranne was added to the bath 2 mm 
before the pressure was raised and washed out 
when the pressure was lowered agam The reflex 
was tested every 4th min After the larger doses 


of tubocuranne recovery v\as delayed , the reflex 
had not fuUy returned when it was tested 3 and 
7 mm after the tubocurarme had been washed 
out , it was retested only after full recovery had 
taken place, but with the exception of four con- 
trols, marked 0, all mtermediate tests have been 
omitted m the Figure. 

In the experiment of Fig 10 slight quick volume 
changes of the mtestme occurred during the tubo- 
curarme paralysis , their frequency was the same 
as that of the rhythmic contractions of the longi- 
tudinal muscle and they might m part have been 
accounted for m this way Partly, however, they 
resulted from the fact that the circular muscle 
layer itself exhibited rhythmic contractions at 
the lower end of the preparation , they were 
apparently myogenic m origm 

(c) The peristaltic reflex of the guinea-pig’s ileum 
The reflex could be obtamed regularly, repeat- 
edly, arid without the necessity of addmg esenne to 
the bath fluid A nse of pressure of 2 ctn of 
saline m the lumen of the intestine was sufficient 
when the preparation was from a small, and of 
2 5 cm when from a large, gumea-pig Durmg a 
l-min penod of increased pressure m the lumen, 
between 9 and 14 waves of contraction of the 
circular muscle layer passed over the preparation, 
and if the mcreased pressure was repeated every 
4th mm the preparation remained active for many 
hours, sometimes up to 10 hours 
According to Trendelenburg cocaine had no 
stimulating effect on the penstaltic reflex of the 
gumea-pig’s intestine when kept m the bath for ‘ 
1 mm cocame had no effect at aU, when kept for 
5 mim the reflex was abohshed Our results were 
slightly different ' ^ 

Usually no definite mhibitory effect on the 
peristaltic reflex could be obtained with cocame, 
nupercame, or tubocuranne during the first hour 
or so of an experiment, even if the substances were 
tested in relatively high concentrations and kept 
in the bath for several mmutes But nearly all 
preparations gradually became more sensitive to 
the inhibiting action of these substances, and then 
inhibition occurred whether the substances were 
kept m the bath for 5 mm or for 1 min. only 
Durmg the first hour or so of an experiment the 
charactenstic effect of cocame, and to a lesser 
degree of nupercame and tubocurarme, consisted 
m an increase m the frequency of the waves of 
contraction of the circular muscle layer In some 
preparations m which 1 m 40,000 cocame had this 
effect at the begmnmg of the experiment a 10 times 
weaker concentration caused complete inhibition 
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Fio 10 — Rabbit’s ileum m 35 c c Tyrode’s solution (6 iig /I eserme) Graded 
mhibition of peristaltic reflex by varying amounts of rf-tubocurarme chlonde 
Amounts indicated m ng at bottom of figure Time m 30 sec Det^ m text 


after the mtestine had been m the bath for several 
hours Although Trendelenburg does not mention 
this initial action of cocame on the frequency of 
the peristaltic waves it is evident in an expenment 
which he illustrates in his paper 

In the expenments of Fig 11 the different 
actions of cocaine on the penstalhc reflex are 
illustrated Instead of the 12 penstaltic waves 
ehcited by a 1-mm penod of increased pressure 
m the lumen at a, there were 20 waves when the 
procedure was repeated at 2 mm after the addi- 
tion of 100 [ig of cocame to the 35 c c bath Some- 
times up to 30 waves occurred. Each of these' 
waves started at the upper end and extended over 
the whole preparation This was not always so , 
often they were incomplete, irregular, and started 
at different parts of the preparation , at the same 
time the longitudmal muscle contracted Such a 
result can be seen m the experiment of Fig 11 
c to f, m which another mtestine was used Instead 
of the 1 1 complete waves at c there were 18 incom- 
plete waves along with shortenmg of the prepara- 
tion at d At a later stage of the expenment 


cocame started to exert its mhibitmg action and 
results like that seen at e were obtamed an imtial 
penod of incomplete waves at a high frequency 
was followed by cessation of the reflex At an even 
later stage of the expenment there was complete 
inhibition of the peristaltic waves after the addi- 
tion of the same dose of cocame When it was 
washed out and the penstalhc reflex retested at 
4-mm mtervals restoration of the reflex passed 
through a stage m which the frequency of the 
penstalhc waves was mcreascd 

It was found difficult and sometimes impossible 
to obtain graded responses with mcreasmg doses 
of cocame and equal responses with the same dose, 
«ven at a later stage of an expenment, when 
cocaine exerted its strong mhibitmg achon on the 
penstalhc reflex The isolated mtestme of the 
guinea-pig, unlike that of the rabbit, therefore, is 
unsuitable for assaying the potency of an unknown 
soluhon of cocame 

With nupercame there were changes m the sensi- 
hvity of the preparahon similar to those with 
cocaine, but it was usually possible to obtain some 
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Fig 11 — Guinea-pig’s ileum m 35 c c Tyrode’s solution Effects 
of 100 ng (at b) and 300 /xg (at d and e) of cocaine on the 
peristaltic reflex The number of peristaltic waves durmg 
each 1-mm. period is given at the bottom Time in 30 sec 
Details m text 


shght inhibition of the reflex even at the begin- 
ning of an experiment , therefore, when the 
potency of nupercame was compared with that of 
cocaine no constant results could be obtained In 
one preparation, for mstance, 20 /xg nupercame 
produced shght inhibition of the reflex 
at the beginmng of the experiment 
whilst 800 /xg cocaine only mcreased 
the frequency of the penstaltic waves , 

4 hours later 100 /xg cocame as well as 
20 /xg nupercame abohshed the reflex 
In this experiment, therefore, nuper- 
came had an mhibiUng action on the 
peristaltic reflex 40 times stronger than 
cocame at the beginning of the expen- 
ment, but later on it was only five times 
as active 

The increase m the frequency of the 
penstaltic waves produced by nuper- 
came was not so pronounced as with 
cocaine When nupercame had inhi- 
bited the reflex, recovery passed through 
a stage in which the frequency of the 
penstaltic waves was increased As m 
the experiments on the rabbit’s intestine 
the action of nupercame was delayed 
and prolonged when it was kept m the 
bath for 3 min the full effect only 
occurred a few minutes after it had been 
washed out 

At the begmnmg of an expenment 
tubocuranne, even in very strong con- 
centrations, caused only slight accelera- 
“ hon of the frequency of the penstaltic 


waves , after several hours twentyfold 
weaker concentrations might abQlish the 
reflex The effects like those of cocame 
were quickly reversible after washing 
out the drug The difficulty of obtam- 
mg comparable responses on repeated 
admimsfiation of the same amount of 
tubocuranne, or graded responses on 
administration of varymg amounts, 
made the gumea-pig’s mtestme prepara- 
tion unsuitable for the quaptitative 
assay of curare-hke substances 
In Fig 12 the changes m sensitivity 
to tubocuranne chlonde are illustrated 
The drug was added each time 2 mm 
before the pressure m the lumen was 
raised At the begmnmg of the experi- 
ment 2,000 /xg mcreased the frequency 
of the penstaltic waves from 10 to 13 
per mm (at b) , 2^ hours later 600 /xg 
greatly inhibited the reflex (at c), and 
after a further 3^ hours 100 /xg practically 
abohshed it (at d) 

The paralysing action of local anaesthetics and 
of tubocuranne on the penstaltic reflex is much 
weaker than that of nicotine m paralysing doses, 



(a) m (c) {d) 


Fig 12 — Guinea-pig’s ileum m 35 c c Tyrode’s solution Gradual 
increase m the inhibition of the peristaltic reflex by i/-tubo- 
curanne chlonde At (6) 2,000 /xg., at (c) 600 /xg two and 
a half hours later, at {d) 100 fxg six hours later Time m 
30 sec Details m text 





42 


IV FELDBERG AND R C Y LIN 


particularly when the comparison is made on a 
fresh preparation An analogous result has been 
obtained and referred to previously for the inhibi- 
tion of the stimulatmg action of nicotine 

In the experiment of Fig 13, 2,000 fig of d- 
tubocuranne chloride had no inhibiting action , 
600 fig of nicotme, however, abolished the reflex 
The nicotine was added to the bath between a and 
b whilst the pressure m the mtestmal lumen was 
low , an immediate strong contraction of the longi- 
tudinal muscle occurred, but withm 1 min the 
muscle relaxed again although the nicotine was 
kept m the bath At this stage raising the pres- 
sure in the lumen no longer initiated the peristaltic 
reflex (at b) In fact, both the longitudinal and 
the circular muscle layer were in an atonic condi- 
tion Instead of the usual strong contraction of 
the longitudmal muscle in response to the increased 
pressure m the lumen there was only a slight 
delayed shortening of the preparation, and the lack 
of tone of the circular muscle led to the great fill- 
mg of the intestme with saline solution This is 
seen on the volume record by the profound fall 
which IS followed by a horizontal hne because the 
maximal possible reduction in volume of the 
Brodie recorder has been reached Between b and 
c the nicotine was washed out , before the reflex 
returned, the muscle tone was restored in both 
layers With the return of the reflex the peristaltic 
contractions of the circular muscle were at first not 


sufficiently strong to overcome the contraction of 
the longitudinal muscle as will be seen from a 
companson of e with a and / 

If the nicotme had remamed m the bath the 
return of muscle tone seen at c and d in Fig 13 
would nevertheless have occurred but the abolition 
of the peristaltic waves would have remained In 
the early stages of mcotine paralysis, but not later, 
the muscle layers are thus unable to develop tone 
in response to increased pressure in the lumen and 
in this condition they have also been found to be 
less excitable to drugs like acetylcholme or hist- 
amine (Cantoni and Eastman, 1946 , Emmehn and 
Feldberg, 1947) 

Discussion 

On the isolated mtestmal preparation it can 
easily be shown that the response of the intestinal 
wall to increased pressure in the lumen consists 
of two phases a contraction of the longitudinal 
muscle and a wave of contraction of the circular 
muscle spreadmg aborally over the whole prepara- 
tion Trendelenburg has aptly termed the two 
responses the preparatory and the emptying phase 
of the peristaltic reflex Only the peristaltic wave 
of contraction of the circular muscle is nervous in 
origin and therefore very susceptible to lowenng 
of the bath temperature, to fatigue, and to drugs 
which affect nerve fibres or nerve cells m the 
intestinal wall The contraction of the longitudmal 
muscle, on the other Iiand, is a response of the 
muscle fibres themselves to the 
stimulus of stretchmg and is there- 
fore not abohshed when the func- 
tion of the nervous structures in the 
intestinal wall is mterfered with by 
local anaesthetics or by tubo- 
curarme In the rabbit’s intestme 
with Its pronounced rhythmic 
contractions of the longitudinal 
muscle there occurs m addition, 
even before the pressure m the 
lumen is sufficiently raised to initiate 
the shortening of the preparation, 
an augmentation of the amplitude 
of the rhythmic contractions This 
response also is myogenic m origin 
We do not know whether similar 
myogemc responses to stretching 
occur in the circular muscle layer 
This muscle certainly offers some 
resistance to the stimulus of filling 
the gut, and this resistance is not 
abolished when the nervous struc- 
tures in the intesUnal' wall are 
inacUvated by cocaine or tubo- 



(fl) (6) (c) (d) (e) in 


Fig 13 — Guinea-pig s ileum in 35 c c Tyrode’s solution Nicotine 
paralysis of the peristaltic reflex Betwxen (a) and (6) 600 me 
nicotine tartrate were given and washed out at the end of (o) 
Time m 30 sec. Details in text 
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curarme, but it is abolished when the muscle fibres 
are in an atonic condition as, for instance, m the 
early stages of nicotine paralysis In addition we 
have found* that the whole layer of the circular 
muscle may be thrown mto powerful rhythmic 
contractions at The same frequency as that of the 
rhythmic contractions of the longitudinal muscle, 
when esenne in a concentration of about 1 m 
300,000 is added to 'the bath durmg a period of 
increased pressure in the lumen and whilst the 
peristaltic waves of contraction are abohshed by 
cocame or tubocuranne 

A study of the penstaltic reflex as well as of the 
simple contractions of the longitudmal muscle on 
the mtestinal preparation reveals the fact that a 
careful analysis is always necessary before the 
effects of drugs can be attributed to a nervous 
or to a muscular site of action For instance, the 
shortemng of the intestinal preparation when the 
ganglion cells are stimulated by nicotme does not 
differ much from the contraction produced by 
muscle-stimulating drugs, such -as histamme or 
acetylchohne On the other hand, if the pressure 
exerted on the intestmal wall from the lumen is 
just msufficient to initiate the reflex, any drug 
which mcreases muscle tone may indirectly ehcit 
the reflex It is therefore not surpnsing that drugs 
which stimulate smooth muscle are known to aug- 
ment, whereas drugs which relax them are known 
to mhibit, penstalsis Straub and his co-workers 
apphed Trendelenburg’s technique to the intestine 
in situ and observed mcreased peristalsis with 
cholme, acetylchohne, and physostigmine, and 
inhibition of the penstaltic reflex with adren- 
ahne and ephednne (Straub and Viaud, 1933 , 
Straub and Leo, 1933 , Leo, 1933 , Straub and 
Stefdnsson, 1937) 

If drugs are known to have local anaesthetic or 
curare-like actions the abolition of the peristaltic 
reflex in the isolated rabbit’s intestme provides a 
useful reaction for assaying their potency, provided 
that the concentrations used do not affect the muscle 
fibres Nupercame was found to be about 12 times 
as active as cocame m abolishmg the peristaltic 
reflex , this does not necessarily prove a similar 
relationship for the potency of the two drugs as 
local anaesthetics, since with different tests widely 
different results are obtained (see Goodman and 
Gilman, 1943) 

When the peristaltic reflex is used as a reaction 
for assaymg curare-hke substances we compare 
their effectiveness m paralysmg autonomic ganglia 
and not motor endplates The two effects do not 
run parallel, as shown by Bovet, Depierre, and de 


Lestrange (1947) and by Depierre (1947) In 
previous experiments of this kmd the paralysmg 
effects on sympathetic gangha were compared with 
those on motor endplates The ganglia mvolved 
m the penstaltic reflex, however, probably belong 
to the parasympathetic nervous system, and their 
sensitivity to a curare-like acting substance may be 
different from that of sympathetic ganglia The 
problem appears to be even more complicated 
since motor endplates of muscles from different 
species do not show the same sensitivity to differ- 
ent curare-hke substances (Wien, 1948) 

The greater frequency of the penstaltic waves 
after cocame m the freshly suspended gumea-pig’s 
mtestme is difficult to explam When at the same 
time the waves become incomplete, so that they 
affect parts of the preparation only, they resemble 
rhythmic contractions of myogenic origm But 
they are not accounted for m this way, for the 
following” reasons (1) All grades of mcreased 
frequency may occur after cocame The frequency 
of the contractions rnay increase shghtly or the 
rate may double or mcirease even more If cocame 
were to abolish the peristaltic waves and reveal 
myogenic contractions there would be only two 
frequencies — that of the peristaltic waves before, 
and that of the myogenic contractions after, 
cocame (2) When the contractions do not become 
incomplete after cocame, they, like typical pen- 
staltic waves, start at the oral end and spread over 
the whole preparation 

The frequency of the peristaltic contractions is 
to some extent dependent on the degree of pressure 
exerted m the mtestinal lumen and mcreases with 
the pressure (Trendelenburg, 1917) Cocame 
might be thought to produce a similar effect m 
the gumea-pig’s mtestme simply by increasing 
muscle tone It is more likely, however, that 
•cocame, and to some extent other local anaes- 
thetics, alter the 6xcitabihty or the conductivity 
of either the muscle fibres or the nervous elements^ 
or of both structures m the mtestinal wall of the 
gumea-pig m such a way as to speed up the rate 
of the rhythmic response which occurs when the 
pressure m the lumen is mcreased This action 
could be grouped then with the well-known central 
stimulatmg actions of cocame To assume a similar 
action for tubocuranne would be strange , but its 
effect m mcreasmg the frequency of the peristaltic 
waves IS only very weak and it may have to be 
explamed m a different way 

Summary 

1 Cocame has stimulatmg and mhibitmg effects 
on the excitabihty of the muscle fibres of the 


Unpublished expenmenls 
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rabbit’s and guinea-pig’s intestine tf-Tubocurarine 
has but slight effects of this kind on these 
preparations 

2 Tt IS possible to inactivate the nervous struc- 
tures in the intestinal ivall with cocaine or with 
rf-tubocuranne In concentrations which do not 
yet depress the excitabihty of the muscle fibres 
these substances mhibit &e responses to small 
doses of nicotme as well as the penstaltic reflex 

3 The penstaltic reflex imtiated by raismg the 
pressure m the lumen of the isolated mtestme 
(Trendelenburg’s method) consists of two phases 
(i) a contraction of the longitudinal muscle which 
is a response of the muscle_fibres themselves to the 
stimulus of stretchmg, and (u) waves of contrac- 
tions of the circular muscle layer spreading aborally 
over the whole preparation and bemg nervous m 
ongm Only the (after are abofisfaed when the 
nervous structures m the intestinal wall are para- 
lysed by local anaesthetics or by tubocuranne 
In the rabbit’s mtestme the familiar strong rhythmic 
contractions of the longitudmal muscle (pendular 
movements) also remain unaffected under these 
conditions 

4 In the gumea-pig’s mtestme local anaesthetics 
and d-tubocurarme exert their inhibitmg effect on 
the peristaltic reflex only several hours after the 
preparation has been suspended m the bath In 
the freshly suspended preparation the effect of 
these drugs is to increase the number of penstaltic 
waves per minute This effect is strong with 
cocame but weak with tubocuranne 


5 Inhibition of the- peristaltic reflex m the 
isolated rabbit’s mtestme jprovides a useful reaction 
for assaymg quantitatively the potency of local 
anaesthetics or curare-hke substances, because the 
inhibition is easily reversible, and comparable 
effects are obtained on repeated admmistration 
of the same dose of these substances, and graded 
responses with different doses By this^ method 
nupercame was found to be about 12^ times as 
active as cocame 
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In a previous paper (Gowdey, 1948) it has been 
shown that methylation of a nitrogen atom m the 
irmnazoline rmg of 2-benzyhnimazohne (BI) pro- 
duces important changes m its pharmacological 
activity Thus the N-methyl denvative, instead of 
causmg a fall of blood pressure through peripheral 
vasodilatation, caused a nse of blood pressure, but 
had no direct effect on vessels, and the pressor 
effect was shown to be due to a nicotme-like hbera- 
tion of adrenalme from the adrenals On the other 


TABLE I 


/jN— cn. 


\N— CH, 




2-benzylirainazoline (BI) 

OH. 

N-rnethyl-2-beiizylimmazoline (MeBI) 

N-methyl-2-(l '-naphthylmethyI)iminazolme (MeNI) 


CH^N— CHi— (f 

A 


;N— CHj 

■^N— (in, 
c!h. 


N-methyl-2-(N-benzylanilinomethyl)munazoliiie(MeBAI) 

O ^N — CHj 

— CHj — C I 

^N— CH. 

(te, 

N-methyl-2-(p-niethoxybenzyl)inimazoliiie (MeMeOBI) 


hand, N-methylbenzylunmazohne had the same 
quahtative action as BI itself on cardiac tissue, the 
mtestme, skeletal muscle, and the superior cervical 
ganghon 

Because of the sudden appearance of a mcotme- 
like vascular activity of the BI molecule when 
it contained an N-methyl group, it was decided to 
compare several more 2-substituted immazolmes 
with their N-methyl denvatives The structural 
formulae of the compounds mvestigated, and the 
abbreviations which will be used m refemng to 
them, are given m Table I 

The vascular activitv of 2-(r-naphthylmethyl)- 
immazohne (NI) has been studied by several 
workers (Hartmann and Isler, 1939 , Meier and 
Muller, 1941, Emerson, 1944, Graver ei al , 
1944 , Yonkman et al , 1945 , Meier and Bucher, 
1946a) 2 - (N - Benzylanilinomethyl)iminazohne 

(BAI), although studied mainly as an antihistamme 
compound, was tested for other activities by Meier 
and Bucher (1946b) and by Graver et al (1948) 
p-Methoxybenzyhmmazoline (MeOBI) was mvesti- 
gated by Hartmann and Isler in their early paper 
on the iminazoline senes (1939) None of the 
N-methyl derivatives except MeBI has been men- 
tioned in the hterature 

Experimental Results 
A ^Action on the cardiovascular system 

(1) Naphthylmethyliminazoline {NI) and MeNI 
— ^The mtravenous mjection of 25-100 /ig NI mto 
a spmal cat causes a large nse of blood pressure, 
but no change m heart rate The same dose 
repeated several times causes less nse of blood 
pressure than the first dose The pressor effect of 
NI is not abohshed but it may be reduced by 
large doses of mcotme or tetraethylammonium 
iodide or by adrenalectomy Fig 1 shows the large 
nse of blood pressure of the spmal cat produced 
by the injection of 1 mg NI at G compared 
to the nse produced by 20 pg adrenalme at A 
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Fia 1 — Spinal cat Injections A, B, 20 mS- adrenaline, C, 1 mg NT, D, 
20 fig adrenaline , E, 20 mg NT , F, 20 fig adrenaline 


amplitude In the isolated 
perfused ' rabbit’s heart 
NI caused great depres- 
sion, but in the dog 
heart-lung preparation in- 
jections 'up to 10 mg had 
no appreciable effect on 
cardiac rate, output, or 
volume 

NI caused vasoconstric- 
tion m the rabbit ear per- 
fused by Locke’s solution, 
and in the dog’s hindleg 
perfused with blood con- 
taimng hepann by means 
of a Dale-Schustyt pump 
The powerful vasocontric- 
tor action of NI is absent 
in its N-methyl derivative 
Thus in the perfused rab- 
bit’s ear 2 mg MeNI had 
no effect, whereas 2 /ig 
NI caused a long-lasting 
vasoconstriction Thus the 
unsubstituted compbund is 


and B It also shows that a large dose (20 mg ) 
of NI (injected at E) reversed the pressor action 
of 20 fxg adrenahne (injected at F) Thus NI, 
although a pressor substance, reverses' the acUon 
of adrenaline in large doses Both ergotoxine and 
BI abolished the rise of blood pressure caused by 
NI, but neither reversed it 
Doses of 25-100 fig MeNI have no appreciable 
effect on the blood pressure, but large doses 
(1-2 mg) cause a rapid nse accompanied by an 
increased heart rate That this pressor action of 
MeNI was due to a nicotine-like liberation of 
adrenahne was shown both in the spinal cat and 
in the cat under chloralose anaesthesia Large 
doses of nicotine abohshed this pressor response 
It was also found that large doses of MeNI 
(5-10 mg ) injected dunng the “ nicotine paralysis ” 
caused a fall of blood pressure which was later 
sho^vn to be due to cardiac depression 

Unlike BI and MeBI which stimulated the 
isolated perfused cat’s heart, NI and MeNI 
depressed the heart Fig 2 (top) shows the effect 
of injecting 0 25 mg NI at the 2nd arrow , the 
heart rate decreased by eight beats/ mm, the 
coronary flow from 5 2 to 42 ml /mm , and the 
force of contraction by 40 per cent At the 1st 
arrow 0 25 mg MeNI caused a similar decrease in 
heart rate and coronary flow, but less reduction in 





Fig 2 — Cat heart, Langendorff preparation Upper 
record, 1st arrow, 0 25 mg MeNI, 2nd arrow, 
0^ mg NI Lower record, 1st arrow, 0 25 mg 
MeBAI, 2nd arrow, 0 25 mg BAT 
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Fig 3 — Cat, chloralose A, 5 mg MeMeOBI, B, 10 i 
MeOBI, C, 2 mg MeBAI, between C and D, 19 i 
mcoUne acid tartrate injected, m D, first 5 i 
MeMeOBI, second 2 mg MeBAI E, 2 mg BAI 

over 1,000 times as active a vasoconstrictor as its 
N-methyl denvative m this preparation 

(2) Benzylamlinomethyliminazoluie (BAI) and 
MeBAI — ^Fig 3C shows the abrupt nse of the 
cat’s blood pressure produced by injectmg 2 mg 
MeBAI , the same dose of the unsubstituted com- 
pound mjected at E caused a long-lasting depressor 
response After large doses of mcotine the pressor 
response to 2 mg MeBAI (injected at 2nd arrow 
in D) was abohshgd Thus it was concluded that 
the nse of blood pressure caused by MeBAI was 
also a mcotme-like effect 

Both BAI and MeBAI depressed the isolated 
perfused cat’s heart The effect of injecting 0 25 
mg of those compounds is shown m Fig 2 
(bottom) The reduction m heart rate and force of 
contraction was similar to that caused by the 
naphthyl compounds, but the coronary flow was 
first increased by the benzylanihno compounds 
before the longer-lasting reduction occurred 
In the isolated perfused rabbit’s ear it was found 
that the injection of 1 mg BAI or MeBAI pro- 
duced definite vasodilatation The N-methyl com- 


of small doses of adrenaline m the same 
way as BI had done Further experiments 
showed that very large doses of adrenalme 
caused a pressor effect after MeOBI as they 
had been shown to do after BI 
The isolated perfused cat heart was de- 
pressed by both MeOBI and its N-methyl 
' denvative In this respect the methoxy- 
benzyl compounds were unlike BI and 
MeBI 

B Action on the intestine — The normal 
tone of the isolated guinea-pig ileum was 
reduced by NI, BAI, and MeBAI, by 
MeOBI, and MeMeOBI These compounds 
also antagonized the contractions mduced 
by acetylcholine NI in a concentration 
of 4 X 10 ® was shown to reduce greatly the 
histamme-induced ileal contraction (see Fig 4A) 
On the other hand, MeNI (5 x 10'') produced 
a slowly developing contraction of the ileum 
which was shghtly less than that caused by 
acetylcholine (2x10’) If an msufficient interval 
was left between doses of MeNI, the stimulating 


I 
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pound seemed somewhat weaker in this respect 
than the parent substance 

(3) p-Methoxybenzyhminazoline {MeOBI) and 
MeMeOBI — ^These compounds will be seen (Fig 
3) to have the same general action on the cat’s 
blood pressure as BAI and MeBAI Thus 5 mg 
MeMeOBI injected at A caused a nse of blood 
pressure and increased the heart rate , this pressor 
response w'as no longer significant when the same 
dose was injected, at the first arrow’ m D, after 
nicotine , 10 mg MeOBI caused a fall of blood 
pressure when injected at B The depressor action 
of MeOBI IS not the same as that of BAI, how- 
ever, because it was found that 10-20 mg MeOBI 
mjected into a spinal cat re\ersed the pressor effect 



1 '-^ ^ ^ n 

Fig 4 — Guinea-pig ileum, 50 ml bath Locke s solution 
A 0 2 lig histamine at each dot, 0 2 mg NI 
at the arrow' B Trendelenburg preparation, upper 
record showmg penstalsis, lower record longitudmal 
contractions At arrow MeMeOBI was added to 
bath so that the concentration was 4 x 10 ®, addi- 
tion bemg made 2 min before the next stunulus 
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effect was reduced or lost completely, presumably 
because mcotine-like paralysis occurred 

The pendulum movements of the isolated 
rabbit’s duodenum were inhibited by Ml m a 
concentration of lO"’, about ten times the dose of 
adrenahne required to produce the same effect 
MeNI m a concentration of 2x10-* mcreased the 
tone and rh 5 dhm of the mtestme, and prevented 
the inhibitions regularly caused by 4x10^ NI 

In the Trendelenburg peristalsis preparation as 
modified by Feldberg and Lin (1948) NI was 
found to have no effect on the penstalsis, but 
It inhibited the longitudinal contractions of the 
ileum BAI, MeOBI, and its N-methyl derivative 
inhibited both sets of muscle fibres The mhibitory 
effect of 4 X 10"* MeMeOBI on the circular and 
longitudinal muscles of the ileum is shown in 
Fig 4B 

C Action on skeletal muscle — All tnese inunazo- 
Imes, substituted or not, caused a curanform block 
m the transmission of the nerve impulse in the 
phrenic nerve-diaphragm preparation of the rat 



Fig 5 — Rat phrenic nerve-diaphragm preparation 
Stimulation with maximal shocks 6-12/mm Bath 
50 ml T = 36°C (a) 1st arrow, 10 mg NI, 

2nd arrow, 10 mg MeW {b) 10 mg BAI (c) 10 
mg MeMeOBI (rf) 10 mg MeOBI (e) MeBAl 
All substances alloived to act for 5 min 

Fig 5 illustrates this action , all the compounds 
were given m a final concentration of 2xI0‘ 
Although shght differences m potency were 
observed, the curanzing effects of these com- 
pounds were all of the same order of magmtude 
Curanform activity was also observed in the 
sciatic-gastrocnemius preparation of the cat Fig 6 
shows the decreased muscle tension produced by 
the intra-arterial injection of the vanous N-methyl 


denvatives The parent compounds have the same 
curanzmg action and with doses of the same order 
of magnitude - That this was a true curanform 
action and not a direct effect on the nerve or on 
the muscle was shown by the followmg expen- 
ments The intra-artenal injection of a large dose 
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Fig 6 — Cat, chloralose, left sciatic-gastrocnemius 
preparaUon, record of gastrocnemius contraction 
with tension lever IruecUons made mto aorta at 
the bifurcation through the stump of the nght 
external iliac artery (1) 10 mg and 20 mg 
MeMeOBI, (2) 10 mg and 20 mg MeBAl, 
(3) 10 mg MeNI, (4) 8 mg MeBI 

(20 mg ) of MeNI mto the fully curanzed, duectly 
stimulated gastrocnemius of the cat did not alter 
the tension developed m the muscle Nor did 
MeNI m a concentration of 10 mg /ml apphed 
directly to the nerve of the isolated frog’s nerve- 
muscle preparation cause any change in the twitch 
tension evoked by stimulation through the nerve 

D Action on the perfused superior cervical 
ganglion — Smce the N-methyl compounds of this 
senes shared the mcotme-hke pressor action of 
MeBI, it was expected that they might, like MeBI 
and nicotine, stimulate the ganghon before depress- 
ing its response to preganghonic stimulation But 
although depression or abolition of ganglionic 
transmission occurred with aU the compounds, N- 
methyl-subshtuted or not, none of them caused a 
stimulation of the ganglion cells on mjection as 
MeBI had done A typical example of the curan- 
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Fig 7 — Cat, chloralose Right supenor cervical ganglion perfused Cbntractions of nictitating membrane m 
response to supra-maximal stimulation of pregangliomc fibres At arrow 0 3 mg MeMeOBI mjected into the 
fluid perfusing the ganglion Note depression of efiect of subsequent stimulation 


form block m transmission is shown in Fig 7 , 
0 3 mg MeMeOBI had no effect by itself, but 
decreased the contraction of the mctitating mem- 
brane caused by maximal preganglionic stimulation 

Discussion 

The striking thing about this senes of iminazo- 
lines IS that, regardless of the actions of the unsub- 
stituted compounds, their N-methyl denvatives 
without exception cause a rapid rise of blood pres- 
sute and an increased heart rate The pressor 
effects have been observed in spinal cats and in 
pithed cats , therefore the action is not due to 
stimulation of centres in the cord or bram From 
this and the fact that large doses of mcotme abolish 
fhe blood-pressure nse, it is concluded that the 
N-methyliminazolines liberate adrenahne from the 
adrenals The pressor action does not appear to 
depend on a simultaneous stimulation of sympa- 
thetic ganglia, for when these substances are 
injected into the perfused superior cervical 
ganglion they do not exert a stimulant effect like 
nicotine (Feldberg and Vartiamen, 1934), BI, 
and MeBI (Gowdey, 1948) Other substances 
such as pilocarpine and histamine are already 
known to liberate adrenaline from the^ supra- 
renal glands without stimulating the sympathetic 
ganglia at the same time The action of the 
iminazolmes on the ganglion therefore resembles 
that of tubocuranne rather than that of nicotine, 
and It IS interesting that the curanform activity 
of the N-methyl compounds is shared by the 
unsubstituted compounds, as that of mcotme is 
shared by lobeline, cyUsine, etc Gangliomc 
transmission is also blocked by the tetraethyl- 
ammonium ion as well as by tubocuranne and the 

D 


iminazolmes, but the nerve-muscle experiments 
again suggest that the iminazolmes are actmg more 
like tubocuranne than hke 'tetraethylammonium, 
since the latter augments the contractions of the 
rat diaphra^ (Barlow and Ing, 1948) whereas 
tubocuranne and the uninazolines alike reduce 
them 

Of this senes only BI and MeBI stimulate 
the isolated cat heart , the other compounds have 
a depressant action in the same dose range In 
the isolated vessels of the rabbit’s ear BI produces 
vasodilatation , NI produces vasoconstriction, yet 
their N-methyl denvatives have no effect m a doSe 
1,000 times as great Thus N-methylation of the 
2-immazolmes causes a shift m their site of action, 
so that their effect on the blood pressure is now 
not a direct effect on the peripheral vascular 
system but is the resultant of the liberation of 
adrenaline and their direct action on the heart 

Although MeNI stimulated the isolated intestine, 
the other compounds of this series, whether sub- 
stituted or not, caused inhibition of the tone, 
and of the contractions induced by acetylcholine 
Experiments with the Trendelenburg prepara- 
tion showed that the benzylanilmomethyl and p- 
methoxybenzyl compounds also prevented peri- 
stalsis Feldberg and Lin (1948) showed that tubo- 
curanne abohshes penstalsis in this preparation, 
and since these compounds have a curanform 
action the inhibition they cause may be due to 
this property 

Summary 

The actions of 2-(r-naphthylmethyI)iminazolme 
2 - (N - benzylanihnomethyl)immazolme, and p - 
methoxybenzylimmazolme on the blood pressure. 
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on the isolated heart and perfused vessels, on the 
intestine, and on ganghonic and neuromuscular 
transmission have been compared with those of 
their N-methyl derivatives 

N-methylatton was found to cause a shift m the 
site of action so that the-effect -of these compounds 
on the blood pressure was not due to a direct action 
^ on the perijiheral vascular system but was the 
resultant of more central actions stimulation of 
sympathetic ganglia, liberation of adrenaline, and 
direct effect on the cardiac muscle 

Nicotine-like activity on the isolated intestine 
was shown only by N-methyl-(naphthylmethyl)- 
iminazolme , the other compounds inhibited the 
tone, and antagonized the contractions evoked by 
acetylcholine (N-&enzylanilinomethyl)iminazohne, 
p-methoxybenzyliminazoline, and their N-methyl 
derivatives had a curariform effect on intestinal 
peristalsis 

All the compounds of this series, whether N- 
raethylated or not, showed curanform activity 
on the superior cervical ganglion and on neuro- 
muscular transmission 


I am mdebted to Dr W F Short and Dr P Oxley, 
of Boots Pure Drug Co , for the compounds used 
111 this study , I also wish to thank Professor J H 
Bum and Dr G S Dawes for their guidance and 
encouragement 
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OXIDASE SYSTEM*- (BRAIN) 
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The pyru\ate oxidase system in pigeon brain 
tissue IS known to be delicate and sensitive to 
the tissue inhibitors fluoride, lodoacetate, and 
phlondzin (Peters and Sinclair, 1934 , Peters, 
Rydm, and Thompson, 1935) Dunng the war 
It was used as a test system in Chemical Defence 
Research during the course of a planned investiga- 
tion, the origin and trend of which has been 
described elsewhere (Peters, 1947) The funda- 
mental postulates were that vesication could be 
mitiated by damage to an enzyme with the pyruvate 
oxidase system as a leading stnng, and that the 
attack was upon a sulphydryl grouping , these 
origmated in the earlier findmg (Peters, 1936) 
that dichlorodiethylsulphone (HO,) (as well as 
arsemte) had a selective action on the lactate 
oxidase system in brain, poisomng it at the pyru- 
vate stage There was a close analogy with the 
action of lodoacetate, also a vesicant f At the 
outbreak of war the researches described here 
developed simultaneously with the arsenical investi- 
gation (Peters, Stocken, and Thompson, 1945) by 
a team which included E Holiday A G Ogston, 
J St Philpot, and L A Stocken the objective 
was a better understanding of the vesicant action 
and the hope of more effective therapy 

In examining the suitability of the pyruvate 
oxidase system m brain as a test enzyme its 

• This paper was planned to be the initial publicanon of a senes 
which mcludes two by the same authors elsewhere {Btochan J 1946 
40 513 and 1947, 41 545) its pubhcation has been delayed through 
unforeseen arcnmstanccs Thou^ some figures are included which 
are given in one of the other papers it has been thought desirable to 
publish the data upon which they are based, because they mdicate 
the Kind of accuracy obtainable in this type of pharmacological 
enzyme invcspgation, 

tBcrenblum Kendall, and Orr(I936) found that mustard gas 
was more toxic to the whole glj-colytlc process in tissue than to 
respiration 


behaviour to several substances allied to mustard 
gas (H) was carefully investigated , some com- 
parisons were also made with other enzyme? It 
was found that there was some correspondence 
between the toxicity of many non-arsemcal vesic-~ 
ants to the pyruvate oxidase system and their 
potency as vesicants, but that this relation failed 
for H , even so, the enzyme system was still suffi- 
ciently sensitive to the latter to be used as a test 
agent It is interesting to note m regard to our 
observations (Peters and Wakelin, 1946) made also 
at this time upon the -SH nature of some com- 
ponents of the pyruvate system that G Barron 
(1936), in the course of observations upon the 
inhibitors of pyruvate oxidase from gonococcus, 
noted Its sensitivity to oxygen , also more recently 
Mann and Quastel (1946) and Dickens (1946) con- 
sider that it is the enzyme preferentially attacked 
in high pressure oxygen poisonmg Wtierr taken 
together this work and that upon the biochemical . 
lesion in aneunn deficiency and in arsemcal poison- 
ing from this laboratory emphasize the pharmaco- 
logical importance of this enzyme system 

The present paper embodies the gist of 5 reports 
written early m the war (Peters and Wakelin, 1940, 
1941) and is divided into sections upon the water 
soluble and water insoluble substances and observa- 
tions upon other enzymes 

I Water Soluble Substances 
Experimental methods 

Bram brei and dispersion and pvruvate dehi dt ogenast — 
These were prepared as descnbed previously (Kinners- 
ley, O’Bneo, and Peters, 1935, Banga, Ochoa, and 
Peters, 1939, Peters and Wakelin, 1946) Brei and 



52 


R A PETERS AND R W WAKELIN 


slice experunents were made with oxygen in the bottles, 
and dispersion experiments with air 
Experiments with the pyruvate oxidase system in 
pigeon’s brain tissue can be made with tissue prepared m 
three different ways, as shces, as brei (a mashed prepara- 
tion), and as a disiiersion, made by grinding the brain 
finely m a mortar under ice-cold conditions The sbce 
resembles the organized tissue best m this H M Carle- 
ton has shown that the cell outlmes are still mtact 
(unpublished results) In the brei the cell outlmes have 
been mamly destroyed, though large numbers of nuclei 
are still mtact though the brei approximates more to a 
preparation of enzymes, some phosphonc esters still fad 
to penetrate to the active centres present , for instance, 
vitanun Bj will penetrate, whereas its pyrophosphonc 
ester (cocarboxylase) will not (Peters, 1937) In the 
dispersions we have an enzyme system sufficiently 
homogeneous to reduce permeabdity phenomena to a 
mimmum, this has been produced, however, at the 
expense of stabihty and a Aspersion is only stable for 
about 30 mm at 38°, it can therefore be used only for 
rapidly^ actmg substances It is not necessarily identical 
with the so-called “homogenates” (Potter and Elvehjem, 
1936 , Elhott, Scott, and Libet, 1942) As several of the 
poisons concerned react rather slowly, the most useful 
information was obtamed with the more stable “ brei ” 
Any uncertamties produced by the residual respiration 
could have been largely ehmmated, if desued, by a 
prehnunary washmg of the brei with ice-cold Rmger- 
phosphate solution (Long and Peters, 1939) , the delay 
which would have been caused by this refinement would 
have made little difference to the result and was not 


thought worth while Most expenments were therefore 
made with unwashed brei 

Respnation was studied in Barcroft Dixon or Warburg 
type respirometers m Rmger-phosphate pH 7 3, 3 0 ml 
per bottle ± Na pyruvate (1 8 x lO-’Af), the poison 
was added last after division of the tissue (approx 
100 mg pigeon bram " brei ”) Each figure quoted m 
Table I and elsewhere represents the average rate of 
respiration m/il /g /hr moist tissue (water content approx 
80 per cent) for the time mterval given, excluding the 
mihal penod of 12 min required for equilibration 
Temp 38° Gas Oj or air One pigeon bram (cere 
brum -f optic lobes) can be distributed conveniently 
among 12 bottles In this senes 8 bottles (4 duplicates) 
were devoted to the values for pyruvate ajone and those 
of pyruvate -f poison, and the remammg 4 were used to 
obtam residual values 

A typical experiment is given (Exp 1939) m Table I , 
It confiirnis the previous findmg peters, 1936) that HOj 
has a marked toxic action upon this system, and that 
there is no protection even with a relatively high concen- 
tration of vitamm (1 pg would be a maximum dose 
for an avitammous bram) It will be noticed that the 
effect of HOs appears slowly with these concentrations, 
even with 100 ms /3 nil not until after 15 min have 
elapsed 

The falhng rate of respiration is due largely to the 
decrease m residual respiration much work (Peters, 
1938) has shown that the extra rate of respiration over 
the period 30-120 mm forms the most rehable estimate 
in experiments of this type This period was therefore 
used to compare the mlubitory effects 


- TABLE I 

EFFECT OF HO, (100 /ig = 675 /iM (10-*M) UPON THE OXYGEN UPTAKE OF PIGEON BRAIN BREI IN RlNGER- 
^HOSPHATE pH 7 3 SUBSTRATE Na PYRUVATE (0 018AT) 


% chMge m respiration during 0-30 nun 


50 /ig HO. 
100 fig HO. 


-9% 


30-120 mui 


-37% 
-67 5% 


Exp conditions 

O, uptake m /tl /g /hr durmg 
respiraUon penods (min ) j 

Average 

' 0-15 1 15-30 

1 ' 

30-60 

60-90 

90-120 1 

0-30 

30-120 

(а) No addition 

(б) -t- 50/ig HO,* 

(c) + 100 fig HO,* 

(d) Na pyr 

(e) Na pyr -1- 50 fig HO, 1 

(f) Na pyr + 100 /ig HO- 

(g) Same 4- 10 mg vit Bj i 

Differences for 

Pyr alone (</}-(«) 

Same + 50 fig HO, (.e}-(R) 
Same -i- 100 fig HO, (/mO 


1276 

1090 

1 1040 

1 3060 

2875 
2340 
2465 

1 903 

750 

640 

2710 

2080 

1450 

1623 

790 

437 

246 

2305 

1325 

764 

917 

490 

222 j 
162 1 

1845 

956 

361 

431 



1765 

1880 

1850 

n 

1807 ! 

1330 ; 

810 j 

1515 

888 

518 ! 

1 

1355 i 
734 

199 

n 

1559 

984 

509 


• Single observations. Remainder are artraE* duplicates HO, - Dichlorodiethylsulphone 
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Results 

Table 11 gives the results obtained for a number 
of water soluble substances The 50 per cent inhi- 
bition values (ET50, expressed m jjM) were esti- 
mated by inspection of curves drawn through the 
known points 

In ordmary expenments of this type the standard 
deviation of a single observation is c 3 5 per cent, 
but in' the present work substantial further errors 
undoubtedly arose from difficulties in getting satis- 
factory solution of some of the substances used, 
and from uneven actions of the poisons in the early 
stages before the brei was properly divided 

TABLE n 

SUMMARY OF AVERAGE PERCENTAGE INHIBITIONS IN 
OXYGEN UPTAKE OF PIGEON BRAIN BREI PRODUCED BY 
SEVERAL WATER SOLUBLE VESICANTS AND OTHER SUB- 
STANCES SUBSTRATE Na PYRUVATE (0 018A/) 


Respiration penod 30-120 mm No of experiments m 
brackets 


Substance 

Cone 
MX 10-“ 

% 

change 

(j-M for 
50% in- 
hibition 

Dichlorodiethylsulphone 

0 437 

-22 7 

90 

(HO.) (5) 

0 875 

-48 3 


1 75 

-69 4 


Tnchlorotnethylamine (4) 

1 91 

-35 9 

380* 

477 

-55 1 



9 55 

-63 7 


Dmnylsulphone (3) 

0 29 

-3 2 

75 


0 86 

-52 7 



2 66 

-92 5 


Dichlorodiethylsulphoxide 

1 9 

+6 5 

Nil at 

(3) 

5.72 

+ 7 

572 

15 2 

-t-6 5 



57 2 

-4 



95 2 

-11 


Phenyl-2-chloroethylsul- 

3 3 

+ 1 

900 

phone (2) 

4 07 

-25 2 



8 15 

-48 



16 3 

-61 


lodoacetic acid (4) 

2 16 

-46 8 

250 


4 32 ' 

-69 5 ' 

1 


54 

-60 3 


lodoacetamide (4) 

0 54 

-51 8 

50 

, 1 08 

-67 7 



1 1 78 

-857 

i 


ThiodiglycoF and dihy- 

' 55 and 

i Nil 

, Nil at 

droxydiethylsulphone! 

43 

1 

40 


* The meth>l bis(2-chIoroethyl)anime was found b> Peters, 
Thomnson and Wakclin (1942) to ha\e 50 per cent toxicity at 
1 040/1 U 
t Non vesicant 


A few comments are necessary upon the method 
of dissolving some of the substances and upon 
their behaviour 

Dichlorodiethylsulphone 

Table n gives values for the last four expenments and 
for a previous one considered to be reliable Several 
earlier expenments were excluded after discovery that 
solution was apt to be incomplete at a concentraUon of 

1 mg /ml Ringer-phosphate solution owmg to the 
formaUon of small glass-hke globules of the compound 
which were difficult to see For these purposes the best 
way was to add c 0 5 ml Ringer-phosphate to about 
3 0 mg HOj m a test tube, warm until the crystals went 
into solution, and then add up to 6 0 ml to make 0 1 ml = 
50 fig HO 2 The solution should then be examined for 
small transparent globules of HOo and, if these are 
suspected, the whole warmed As hydrolysis is slow m 
presence of salt (Peters and Walker, 1923) any slight loss 
IS completely offset by the certainty of complete solution 
Three separate solutions were used m getting the results 
of Table n Upon the same solution, results for different 
brams agreed closely 

2 2' 2’-tnchlorotriethylannne 

Solutions of the pure hydrochloride (kindly supplied 
by Sir Robert Robinson and Dr Mason) were used 
any necessary small additions of alkali were previously 
made to the bottles to compensate for changes m pTl 
produced by the l^ydrochloride The free base is hberated 
as an oil at plAA 3 

Dmnylsulphone {D VS) 

The experiments quoted were done with a pure 
specimen from Dr McCombie, supplied through Dr 
Fell A few mg stirred with appropnate volumes of 
water (c 5 0 ml ) appeared to give satisfactory solution 

Phenyl-2-cliloroethylsulphone 

This compound (supplied by Porton) was dissolved as 
far as possible by warming It does not hydrolyse to 
any extent 

lodoacetic acid and lodoacetamide 

It was noted that the poisomng mduced by lodoacet- 
amide m the first 30 mm is relatively greater than that 
with other compounds, showmg that the condensation is 
very rapid 

Thiodiglycol and dthydroxydiethylsulphone 

In this experiment the values given for the O. uptake 
are those of the bottles contaimng pyruvate and pyruvate 
+ substances added, without subtraction of the residuals 
These substances had a depressant effect on the residual 
respiration whereas they will be seen to have none on the 
values in presence of pyruvate This is interpreted to 
mean that there is competition for the active centres m 
the brei bet%\een the last traces of pyruvate present in 
the residue and these substances 
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In order to get a better picture oC the accuracy 
of these compansons, the behaviour of HO„, 
divinylsulphone, and tnchlorotnethylamine was 
examined more closely Dr R B Fisher, of this 
Department, kindly tested the figures for HO„ and 
tnchlorotnethylamine (Table II) statistically upon 
the assumption that the relation between percen- 
tage inhibitions and log concentrations is linear 
This was more true for HO„ than for tnchloro- 
triethylamine, owing to the hydrolysis of the latter 
during the 2 hr of experiment The analysis 
showed a rather wide vanance for the figures as 
they stood the probable value for the ratio 
between means at the point of 50 per cent toxicity 
was 4 3, with a 1/20 chance of the ratio lying 
outside the limits 2 6 to 7 3 

In view of this which was due mainly to the 
difficulty of standardizing the initial rate of action 
of the poison m the brei, we carried out a few 
further experiments, making a direct companson 
at the molarities required to give approximately 
50 per cent inhibition m order to get more infor- 
mation upon the accuracy of this type of experi- 
ment Experiments were made with 16 bottles as 

TABLE III 

COMPARISON OF TOXIC EFFECTS UPON THE PYRUVATE 
OXIDASE SYSTEM OF THE SAME PIGEON BRAIN BREI TISSUE 
RESPECTIVELY OF (ft) H02 AND TRICHLOROTRIETHyLAMINE 
and {b) HO. AND DIVINYT^SULPHONE (DVS) SUBSTRATI: 

Na PYRUVATE 0 0I8M residuals SUBTRACTED 


(C) 

Exp 

Cone 

1 

Af 10 * 

1 

Average resp 
j rateinfil /g /hr 

1 % inhibition 

|H02 

1 

'Tnchloro- 
tnethyl- 
amine j 

1 

1 0-30 
i mm 

1 

[30-120 

‘ mm 

( 

i 

f 0-30 

1 

1 30-120 

1 min 

1 

1970 

„ , 

1 1 

1 1980 

1 1849 

1 

1 — 

1 

09 

1 

1831 

901 

-7 5 

' -54 8 

1971 



— 

1636 

1 1378 

1 

— 


09 

— 

1 1728 

, 766 


-44 4 




1 3 87 

! 1311 

' 727 

-19 5 

' -47 2 

1972 : 



1 — 

1636 

1 1542 1 

— 

— 


09 



1339 

645 

-18 1 

-58 2 


— 

3 87 

1214 

1 712 

1-26 

-53 9 


(/)) HOj AND DVS DIRECT COMPARISON NO CONTROLS 
WITH PYRUVATE ALONE TRIPLICATE ESTIMATIONS 

HO. 0 91 V 10 M/, DVS, 0 74 x 10-M/ 52 

AND 26 /Jg PER 3 ML RESPECTIVELY 


* 

\*ate j 

HO 

DVS 



' Differences 




1263 , 

521 

1 

1 

— 



1296 ' 

539 

J ^ 


~r 


2204 ) 

902 

941 1 381 

-1. 



2115 1 

985 

819 446 


I 


follows two 0 (residual), two + pyruvate, three 
-I- TIO3, three -+ tnchlorotnethylamine, three 
pyruvate -1- HO,, and three pyruvate + tnchloro- 
tnethylamme The results are given m Table III 
The statistical estimate made the probable value 
for the ratio 4 43, with limits of 2 72-721 (1/20 
chance) m agreement with the estimate in Table II 
This gives the possible hmits of accuracy of this 
type of expenment , 

Table III (b) confirmed the previous figures 
On a molar basis divmylsulplione was the most 
toxic substance of the series 
Smce the first object of this work was a com- 
parison of toxicity to the pyruvate system with 
vesication, the values for enzyme mhibition (50 
per cent toxicity) were compared with the Porton 
data for vesication (upon a weight basis) In 
Table IV HO, is put as 100 and some correspon- 
dence between vesicant action and toxicity will be 

TABLE IV 

COMPARISON OF ‘oXlDASE” TOXICITY AND VESICANT 


ACTION , HOj = 

100 


Substance 

Oxidase 

toxicity 

Vesicant 

action 

lodoacetamide 

186 i 

! Unknown* 

Divinylsulphone (DVS) 

198 1 

25 

Dichlorodiethylsulphone (HOf) 

100 1 

100 

lodoacetic acid 

37 1 

Vesicant 

Tnchlorotnethylamme (hydro- j 
chlonde) 1 

19 8 i 

10-20 

Phenyl-2-chloroethylsuIphone ' 

9 1 

ml 

Dichlorodiethylsulphoxide j 

nil 1 

ml 

Thiodiglycol and dihydroxy- 
diethylsulphone 

nil 1 

1 

ml 


• One of us (R.W ) produced on the left forejum a large erythe- 
matous patch 8x8 cm and vesicle 5 v 6 0 cm an appUcatlon 
or 1 5 mg lodoacetamide in ethanol 


seen The only marked discrepancy was in the 
values for- divinylsulphone , this is known to be 
highly toxic to animals by injection, and on the 
arm of one of us (RAP) small amounts readily 
formed vesicles VVe are inclined to consider the 
available Porton estimate too low, though could 
not press this in the absence of further data So 
far as the hypothesis of an attack upon the -SH 
group in the enzyme is concerned, the data given 
so far are in agreement , HO^ and divinylsulphone 
have a /xM toxicity (ET50) of 90 and 75 respec- 
tively, which IS to be compared with the trivalent 
arsenical toxicity (Peters, Sinclair, and Thompson, 
1946) of 17-30 /jM, where two -SH groups arc 
attacked per mol The case is different for mus- 
tard gas now to be considered 
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II Water Insoluble Substances 
Mustard gas (H) 

Some early experiments were done by the method 
used" by Berenblum et al (1936), m w^ch the sub- 
stance was mixed with the tumour tissue thoroughly 

TABLE V 

CONCENTRATIONS* FOR IMMISCIBLE SUBSTANCES AND 
THIODIGLYCOL GIVING APPROX 50 PER CENT DECREASE IN 
O. UPTAKE OF PYRUVATE OXIDASE SYSTEM IN PIGEON 
BRAIN BRH 


Substrate Na pyruvate, 0 OlSAf No of experiments 
m parentheses 


Substance 

i Cone for , 

Cone for 
-IQXipM) 

2 2'-DiO-chloroethyIthio)-di' 
ethyl ether 

1 330 (3) 1 


Mustard gas 

770 (3) . 

— 

'Phenyl-2-chIoroethylsulphide 

1000(3) 

— 

Thiodiglycol 

1 

150(2) 

-Butyl chlonde (tertiary) 


200(3) 

Butanol (tertiary) 

- j 

240(1) 


* Concentratjons m this senes of expenments only are reckoned 
in tenms of the amount of test substance per 100 mg tissue used 


before it was added to the respiration bottles 
Table V gives some results so obtained 

It will be seen that although is toxic it is — 
much less so than the arsemcals and divinyl- 
sulphone. Thinkmg that this might be due to 
the inefficient method of introduction of the 
poison, we tried other’ solvents Table VI gives 
the results of the early and some later experiments 
using iropropanol and ethyl and methyl cellosolve 

It was possible to use these solvents with a cor- 
rection, and m fact this was done later in the 
expenments m this laboratory upon BAL (Stocken, 
Thompson, and Whittaker, 1947) , but it was then 
thought advisable to find some other method, and 
the use of lecithm was explored Commercial 
lecithin (B D H ) cannot be used for the emulsifi- 
cation as It IS toxic m itself Egg lecithin was 
therefore prepared as follows (we are mdebted to 
Professor J B Leathes for the details of this 
preparation) 

Preparation and use of lecithin — The yolks of 6 eggs 
were stirred with 3 volumes of acetone and the solution 
filtered, the sohd residue was stirred with a further 
3 volumes of acetone The residue was then shaken with 


TABLE VI 

TOXIC EFFECT OF SMALL CONCENTRATIONS OF SOLVENTS UPON PYRUVATE OXIDASE SYSTEM AND THE COMBINED 
EFFECn OF SOLVENT AND MUSTARD GAS BRH AND DISPERSIONS, PIGEON BRAIN SUBSTRATE Na PYRUVATE, 

0 018M (brei) , 0 01 1 Af (dispersion) 

Me cs = Methyl cellosolve, 0 025 ml /3 ml Et cs = Ethyl cellosolve H = Mustard gas L = Lecithin 


Exp 

1 

Substrate [ 

Qo= 

0-30 min 

1 

Averate rate 
30-120 min 

Decrease 

Dispersion (D) 
or brei (B) 

2212 

Pyr alone ' 

13 05 

9 98 1 


1 B 


Pyr + iJopropanol 0 

10 78 

8 61 ' 

I 37 

1 


Same 4- H 

9 90 

6 21 1 

3 77 

1 

I 

2223 

Pyr alone 

19 46 

11 58 ' 


1 ® 


Pyr -1- wopropanol 

14 08 

' 9 22 

2 36 

1 

2224 

Pyr alone 

16 36 

11 43 


1 B 


1 ^r /sopropanol 

14 30 

9 56 

i 

1 87 

1 

1 

2226 

1 Pyr alone ' 

16 90 

1 11 57 


B 


P>T -1- propanol , 

1 

1 13 50 

9 00 

2 57 

t 

■mi 

Pyr alone 

17 01 

II 34 


I 

' B 


' Pyr -1- iropropanol 

12 96 

951 

1 83 



Pyr -r uopropanol + 800 pg H 

11 37 

5 88 

5 46 

1 

1 

2323 

' Pyr alone 

15 53 



D (dialysed) 


PjT + Me cs 

6 21 


9 32 

1 

2327 

1 PjT alone 

9 59 



' D (dialysed) 


Pyr — Et cs 

7 52 


2 07 



. PjT -f Et cs — 800 iig H 

• 5 48 


4 11 

, (extra for H -2 03) 


P^ — L 

10 30 



1 ' 


PjT - L + H 

8 13 


2 17 
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acetone for 2 hr in a mechanical shaker, the suspension 
filtered, and the residue suspended in absolute ethanol 
overnight After filtration the residue was again sus- 
pended in absolute ethanol and shaken mechamcally for 
2 hr The ethanolic filtrates were combined and concen- 
trated in \acuo at 38-40° to a small volume and made up 
so that 1 ml =100 mg When this solution is kept m 
the ice chest, a deposit of sphingomyelm gradually forms 
We have found the product from this relatively crude 
ethanolic solution quite suitable for our purpose, and it 
gives no inhibition of respiration with a brei 
For experiment, weighed amounts of H (c 8 mg ) were 
added to 50 mg lecithin (after removal of ethanol in 
\acuo m a small test tube) and an intimate mixture was 
made with a glass rod Immediately before bemg added 
to the respiration bottles, the emulsion was treated with 
0 5 ml Ringer-phosphate solution with vigorous stimng, 
followed by a further 1 5 ml to a volume of 2 0 ml 
From this a usual addition to the bottles was 0 2 ml 
(5 mg Iccithm) 

- Experiment 2254 (Table VII) shows that the amount of 
lecithin added to the 3 0 ml fluid m the respiromcter 
bottles can be vaned from 1-5 mg without change, but 
that 10 mg may reduce the effect of the H In this 
experiment the H (50 /ig ) was potentiated by addition of 
diethanol dithiocarbamate (Peters and Wakelm, 1947) 
(1 mg per bottle) 

TABLE VII 

' EXP 2254 INHIBITORY EFFECT OF POTENTIATED H (420 /iM) 
UPON QO, OF PYRUVATE OXIDASE SYSTEM OF PIGEON 
BRAIN BREI WITH VARYING AMOUNTS OF LECITHIN PRESENT 
Na DIETHANOL DITHIOCARBAMATE (1 9 mM) ALSO PRESENT 

Substrate Na pyruvate, 0 01 8M 


Lecithin 

Qos 

% 

+ 1 mg 

-4 35 

1 

-59 

+ 5 mg 

-4 62 


-62 

-H 10 mg 

-3 67 


-46 

i 


We have employed this method of addmg oily 
substances extensively and have confidence in the 
results obfamed The arguments in favour of the 
use of lecithin may be summanzed 

(a) Lecithm is a normal constituent of brain 
and other tissue , its addition therefore only 
increases slightly the amount already present in 
the tissue 

(b) When properly punfied and added alone. 
It has no effect upon the Qo, 

(c) It has no competitive action with H 
(Holiday, Ogston, Philpot, and Stocken, 1940 , 
Ogston er al 1948) but merely reduces the rate 
of hydrolysis, as has been proved expenmentally 
b> Ogston (personal communication) 

{d) There is no increased toxicity if the com- 
bined emulsion of lecithin and H is allowed to 


stand before addition of the Ringer-phosphate, 
or even if it is warmed to 38° , hence it does 
not form a toxic addition compound Expen- 
ment 2304 shows this (Table VIII) 

TABLE Vm 

EXP 2304 BRAIN BREI (PIGEON) QO, FOR PERIOD 35-120 
MIN SUBSTRATE Na PYRUVATE (0 01 8AO , LECITHIN IN 
ALL BOTTLES 


Additions 

Qoj 

No addition 

10 45 

800 /xg H* 

5 89 

800 /xg H stood for 1 hr at room temperature ' 


after thorough mixmg* 

6 18 

800 /xg H warmed m bath for 20 imn after 


thorough mixmg* 

5 97 


• The Jtin^er phosphate was added to the thorou^J>' shJred 
lecithin immediately before addition to the bottles 


Tables IX, X, and XI give a selection of results 
obtained for mustard gas with dispersion, with brei, 
and with slices , these are given separately because 
there are differences in the detail of the effect 
The toxicity (ET50) works out at more than 
1,000 p.M This IS clearly a relatively low toxicity 
compared with those of divmylsulphone and the 
arsenicals, even if we allow for a slight loss by 
prehmmary hydrolysis before the poison has time 
to act , it IS of the same order of toxicity as that 
of lodoacehc acid to this enzyme 

Dispersion — ^The action upon pyruvate respira- 
tion ^able rX) IS noticeable in the first 10 min 
period of observation and fully estabhshed after 
20 min , the maximum effect was seen in the 
respiration penod 10-20 min Only 3 out of 15 
expenments showed significant inhibition in the 
residual respiration The protocol of 2 typical 
expenments out of the large number performed 
are given 

. TABLE IX 

DISPERSION (pigeon BRAIN) CHANGE IN RATE OF RESPIRA- 
TION IN /j1 /g /hr Oi UPTAKE, DUE TO ADDITION OF LEO- 
THIN -I- H (800 /xg H IN 5 MO LECITHIN PER BOTTLE) 
SUBSTRATE PYRUVATE RESPIRATION PERIOD IN MIN 


Exp 

No 

! 

0-10 

10-20 

20-30 1 

1 

30-40 

Average 

% 

change 

2047 1 
2061 

-660 

-225 

-670 

-795 

-580 

-835 

-485 

-353 

-599 

-560 

-18 

-16 


The values given represent the decreased rate of Oj 
upt^e over the penods mentioned, i e , that for pyruvate 
mmus pyruvate + H for the reason why this procedure 
IS used see Peters (1938) 
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Brei — ^Fig J shows the rate of poisoning of brei 
in a typical expemnent. Table X gives the per- 
centage inhibitions observed in a senes of experi- 
ments with different concentrations of H The 
lowest amount producmg a noticeable change >s 
100 Jig H/3 ml , the effect depended much upon 
the efficiency of emulsification and the rapidity 
with which the emulsion was added to the bottles 
The effect was noticeable in the first 15 mm but 
did not become maximal until the 30-60 mm 
penod Expenment 1993 shows that, if first 
allowed to hydrolyse m an aqueous solution, the 
H produced no action, as is readily understood 
from consideration of the kmetics (Ogston et al , 
1948) 
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Fig 1 — ^The effect of H in lecithin (LH) upon the'res- 
puation of brain brei with sodium pyruvate (P) as 
substrate Ordmateml /g /far Abscissae mm Pigeon 
brain brei 

In the final experiments, the changes produced 
by addition of 800 /tg of H to each bottle (1 67 
mM) were of the order of — 16 per cent for period 
0-30 min and —30 per cent for 30-12 mm — ^i e , 
the concentration required to produce a 50 per 
cent change was greater than 1,000 pM 

Slices — Exp 2065 (Table XI) confirms that in 
slices too lecithm has no influence on the respira- 
tion , H here inhibited the residual respiration In 
Exp 2068 It will be seen that with glucose the 
poisoning effect is mcreasmg up to 3 hr Exp 
2072 was a comparison between the action of H 
With pyruvate and glucose as substrates, in which 
It will be noticed again that poisoning of the 
respiration m presence of glucose is increasing up 
to 3 hr 


TABLE X 

BREI (pigeon brain) CHANGES IN RATE OF RESPIRATION 
GIVEN IN PER CENT, DUE TO ADDITION OF H IN LECITHIN 
IN VARIOUS CONCENTRATIONS SUBSTRATE Na PYRUVATE, 
0 01 8/Vf (residuals subtracted) 


Exp 

1 Amount H 
per bottle 

1 

j % change 

0-30 mm ' 

30-120 mm 

1987 

750 1 

-4 5 

-501 

1988 1 

1 650 1 

i 

-19 


' 325 

+11 

0 

1990 

750 

-22 3 

-29 8 

1991 

750 

-16 

-43 5 

1992 

515 

-12 6 

-23 5 

1994 

1180 

-20 

-41 7 


590 

+ 1 1 

-23 5 

1995 

400 

-34 2 

-45 2 

1997 

660 

-10 7 1 

-27 5 


330 

+3 

-9 4 

1998 

510 

-6 1 

-30 7 

1999 

900 

-26 5 

-47 8 

2000 

760 ' 

-24 3 

-47 

2003* 

360 

-7 5 

-23 4 


120 

1 -44 

-6 5 

2004* 

50 

-123 

-17 5 


30 

‘ -2 

— 

2006* 

50 

-7 8 

-12 


• Residuals not subtracted 


H-lecithm added after hydrolysis m Rmger-phosphate for 
30 min at 38° 

1993 I 1080 I -8 2 I 0 


Note In most recent expenments, as the result of 
further emulsification and quicker workmg, the changes 
produced by 800 /ig H/bottle(l 67 y lO'W) were of die 
order of — 16 per cent for 0-30 mm , and —30 per cent 
for 30-120 mm 

Discussion 

In a companson of the rates of poisoning and 
of hydrolysis for H it is to be noted that m 
accord with the theory of the kmetics of replace- 
ment of chlonne m H (Ogston et al , 1948) any 
substitution with a group m the enzyme must take 
place during the hydrolysis , most of this occurs 
m these expenments m the first 15 mm and is 
complete m 30 min The rate of action upon the 
dispersion was consistent with this , that upon brei 
and slices was too slow One conceivable explana- 
tion for this difference was conversion of H to an 
oxidation product , m a direct test of this we could 
find no increased O, uptake owing to the addition 
of H which might suggest oxidation to sulphoxidc 
It seems more likely that there is adsorption into 
inactive hpoid parts of the brei or slice with slow'er 
penetration to the active centres , this could 
explain most of the effect in slices when pyruvate 
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TABLE XI 

SLICES (pigeon cerebral HEMISPHERES) CHANGES IN RATE OF RESPIRATION DUE TO ACTION OF H IN LECITHIN 

(L) (800/ig /ml ) 

L = Lecithin Gl = Glucose H = Mustard gas Pyr = Pyruvate 


Respiration rate in /il /g /hr during penods (mm ) 
Exp ; Substrates - 



0-15 

15-30 

30-60 

60-90 

90-120 

120-150 

150-180 

2065 

None ( 0 ) 

1851 

1585 

1290 

976 

809 

698 


L(6) 

1846 

1555 

1240 

967 

761 

604 


L -b H (c) 

1670 

1406 

1055 

689 

471 

307 



(6Hc) 

-176 

-149 

-185 

-278 

-290 

-297 


2068 

Gl only (d) 


3350 

3255 

3255 

3247 

3147 

3057 


til -j- L (e) 



3320 

3135 

3275 

2990 

3000 


Gl -b L+ H(/) 



2875 

2630 

2465 

2155 

1995 

(?)-(/) 

- - / 



-445 

-505 

-810 

-835 

-1005 

2072 

Pyr -b L (g) 



3794 





Pyr -f- L -f- H (/)) 

3625 

3485 

2997 

2362 


1745 

1341 


(sXIt) 


-775 

-797 

-646 

-855 

-885 

-979 


Gl -b L 0) 

3720 

3785 

3650 

3445 

3500 

3340 

3265 ' 

GI 4- L -f- H (A) 

3085 

3070 

2514 

2440 

2400 

2120" 

1915 

' OHA) 

1 

-640 

-715 

-836 

-1005 

\ 

—HOD 

-1220 

-1350 


IS the substrate , it would leave unexplained the 
gradual increase in poisoning observed with slices 
m glucose solutions Since this work was reported 
in 1940, Dixon and Needham and colleagues (for 
review see 1946) have produced much evidence in 
support of the poisonmg of hexokinase by H 
which would explain the latter effects better Other 
factors contnbuting to the slower action may be 
the adsorption and half product formation (Peters 
and Wakelin, 1947) and also perhaps sulphonium 
salt formation (Stahmann et al 1946) 

III Selective Action of H 

In 1936 (Peters) it was shown that HO^ poisoned 
the lactate oxidase system of brei selectively at 
the pyruvate stage , since Keilin’s cytochrome 
system is common to the oxidation of both lactic 
acid and pyruvic acid, this experiment mdicated 
that the cytochrome system and the lactate dehy- 
drogenase were much less sensitive to HO, than 
pyruvate dehydrogenase , it also excluded poison- 
ing of cozymase Thou^ the sulphone combined 
with glutathione, the latter did not reactivate the 
poisoned system , except for the more powerful 
action, of HOj, the effect resembled that of lodo- 
acetate (Peters, Rydin, and Thompson, 1935) 

After showmg that H could poison the pyruvate 
oxidase system we thought it advisable to confirm 
the earhcr conclusions for HO, by direct experi- 
ment and to extend them to H Direct expenments 
v-cre therefore done (1) upon the vitamm B, com- 
ponent, (2) upon the cytochrome system, (3) upon 


the total succinate oxidase system m brain, and 
(4) upon amiho-acid oxidase, especially because 
this contained the adenine flavine dinudeotide as 
a component 

Aerobic experiments 

Cocarboxylase — It had been shown previously 
that addition of vitamin Bj did not stop -the poison- 
ing effect of HO 3 In Exp 1875 (Table XU) it , 
was shown that addition of large amounts of 
cocarboxylase, now known to be the achve com- 
ponent (Banga, Ochoa, and Peters, 1939), does not 
restore the poisoned respiration 

Cytochrome system — Cytochrome oxidase and 
cytochrome C were prepared by the method of 

TABLE Xn 

SEPT 6, 1939 failure of the addition of 

COCARBOXYLASE TO RESTORE ACTIVITY OF TYRUVATE 
OXIDASE SYSTEM POISONED BY DICHLORODIETHYLSULPHONE 
(HO,) PIGEON BRAIN DISPERSION, SUBSTRATE PYRU- 
VATE, 0 01 8M 


HO. 

fiM 

1 

Cocarboxylase 

FB 

Oj uptake 
/g /hr (20 nun ) 

y 

change 



2645 I 

-15% 

100 


1 2242 1 

100 j 

1 

1 

2242 j 

t -15% 


0 2 Mg cocarboxylase should produce a mai^uin 
effect under these conditions in a vitamin B, defiaent 
brain 
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Keilm and Hartree (1938), ^and hydroqumone was 
used as substrate Table Xm gives the results 
Arsenite, HO,, and dmnylsulphone, aU of them 
vesicant or potentially vesicant substances, pro- 
duced no effect , 10 jj.g As^Og poisoned the 
pyruvate system to the extent of 85 per cent and 
25 divinylsulphone, 50 per cent H (emulsi- 
fied m lecithin) showed inhibitions up to 7 per 
cent, when cjdochrome C was present in maximum 
concentration, and up to 20 per cent when the latter 
was present in submaximal amounts That this 
effect was mamly'on the cytochrome C component 
w'as suggested by two other experiments in one 
(Exp 6) the action uponlhe cytochrome oxidase, 
to which cytochrome C was added before mustard 
gas-lecithin, was compared with the effect when 
cytochrome C was added after incubation for 
1 5 mm with H , by this time much of the H would 
have been hydrolysed or rendered ineffective by 
combination with phosphate, etc , in another 

TABLE XUr 

EFFECT OF MUSTARD GAS, SOME SUiq>HONES, AND ARSENITE 
UPON KEILIN’S “cytochrome SYSTEM” 

All bottles contained cytochrome oxidase (0 3 ml ) , 
cytochrome C (0 7 per cent solution as stated) , 5 mg 
hydroqumone in 0 2 ml (1 5 x 10-*M) was added after 
equilibration L = Lecithin H = Mustard gas HO*= 
Dichlorodiethylsulphone DVS = Divmylsulphone 


p \p 

Cyt 

(ml) 

Additions 

Tunc 

mmm 

/<10. 

0/ 

/o 

change 

1 

0 02 

None 

20 

224 


24 4 40 

0 02 

-f L (7 5 mg ) 

20 

243 



0 02 

-L L + H (1,200 ,-g) 

20 

260 

-17 8 


0 02 

+ HO, (200 /(g ) 

20 

248* 


2 

0 2 

\onc 

iO 

262 


2ir4 40 

0 2 

+A=,0, (200 /,g ) 

30 

265 

J-1 5 

3 

0 

None 

20 

344 


7 8 40 

0 


20 

316 



0 

-T- L - H(I 200 /Ig) 

20 

286 

— 13 


0 

+ L -r D \ S ( 160 /(g ] 

20 

334 

— 

4 

0 

+ L (5 mg ) 

20 

326 


■ 8 40 

0 

+ L 4- H (800 /<g ) 

20 

202 

— 11 


0 02 

+ L(5mg ) 

20 

353 



0 02 

+ I- *T- H (800 /ig ) 

20 

328 

— 7 

0 

0 

- 1 

13 

249 


V 8 40 

0 

1 H (SOO //g ) 

13 

207 

-2nt 


« I 

I 

15 

331 



0 1 

1 - I - H (SOOfig ) 

13 

343 

-2t 

0 

0 1 

-r 1 

16 

405 


*- 8 4(1 

t ^ 

1 + 1 - H (snn„„ ) 

16 

386 

— "y 


1 0 1 

1 I 

13 

420 



I ^ ^ 

( 

1 1 - H (800 ) 

1 

lo 

383 

— 7< 


Single objen-ation Addition of extra c>tochrome C reduced 
tlw toxicity ^ Cytochrome C added before I- K f C>lochroinc 
C added after 1 nun incubation xsith L ^ H 


Note Vessels containing H had 0 05 ml AVIO NaOH 
per SOO fig to neutralize the acid formed from H 


(Exp 7) cytochrome oxidase was meubated for 
15 min With and without"' lecithm, the residue 
centrifuged and tested with cytochrome C There 
was no essential difference from the expenment 
carried out in the presence of the poison , where 
much cytochrome C was present the effect was 
reduced 

Exp 7 Equal amounts of cytochrome oxidase 
suspension were meubated (A) with lecithm unly and 
(B) with H in lecithm for 20 mm , A^/10 NaOH was 
added at 10 mm to B to adjust the pii After being 
centrifuged, ahquot amounts were compared for activity 
with and without cytochrome C (0 I ml ) 



Cyto C 1 

filO, 

1 % change 

A 

' 0 

292 

1 

r 

B 

0 

259 

i -13 

A 

-b 

363 

J 

B 

+ ' 

341 

-6 5 


These inhibitions of cytochrome C indicate that 
H can combine with it , they are of no significance 
in the experiments upon brain brei as the cyto- 
chrome C is not a hmiting factor , this was tested 
directly m one expenment 8 where there was no 
significant change 

Exp 8 Bram dispersion from the cerebrums of two 
pigeons was treated with leathm (L) and H (800 /ig ) m 
leathm as usual, after 10 mm preliminary incubation 
penodandafurtherpenodofSmm ,0 15 ml cytochrome 
oxidase (cyto ox ) -1- 0 05 ml cytochrome C (cyto C) 
were added from a danglmg tube to see whether this 
improved respiration Substrate Na pyruvate, 0 023 M 
Average of duplicates 


1 

Addition 

lA O./g /hr j 
30 min I 

i 

Change 

L only 

i 2933 1 


HL 

2622 1 

-311 

L+cyto ox -f cyto C 

1 2780 


HL-feyto ox -f cyto C 

2452 , 

( 

—328 


Succinate oxidase system — ^Table XIV is a sum- 
mary of tests made upon the relative toxicity of 
these compounds to succinate and pyruvate res- 
piration in the same brei In each test there is 2-3 
times larger inhibition of the pyruvate than that 
of the succinate respiration , the effect is therefore 
selective There is a sporadic slight poisoning of 
the succinoxidase system, not yet explained, which 
is connected with the state of the tissue, bccaust. 
in ground muscle preparations the succinodehydro- 
genase is not poisoned by H 

Exp 2027 IS a striking variation of the same 
theme We have shown separately (Peters and 
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TABLE XIV 

COMPARISON OF TOXICITY TO PYRUVATE AND SUCCINATE 
SYSTEMS SUMMARY OF CHANGES (iNHIBrnONS) DUE TO 
POISON IN /g /hr FOR PERIOD (2) 30-120 MIN 


Poison* j 

1 Exp 1 

1 Resi- 
dual 

1 

Pyru- ' 
vate 

Suc- 

cmate 

HO (0 173mAH 

1893 

-221 

-1120 

-282 

H (as od) (0 592 mM) 
H (in iTCithm) (1 31- 

1932 

-167 

-696 

-273 

1 72 mM) 

2032 

-92 

-631 

-264 


2099 

-251 

-698 

-139 


2034 

-120 

; — 

-125 

H (0 315 mM) in leci- 
thm and diethyldi- 
thiocarbamate 

2036 

-100 


-341 

(1 56mAf) 

2027 

-346 

-1136 

0 


• Per 100 mg. tissue 


Wakelm, 1943, 1947) that diethanoldithiocarbamate 
potentiates the toxicity of H Here an amount oi 
H, which would have had no action upon pyruvate 
oxidation by itself, had a large effect m presence 
of diethanoldithiocarbamate , under the same con- 
ditions succinate oxidation was unaffected Since 
the cytochrome system is common to both oxida- 
tions, we have a remarkably clear selective 

inhibition 

/ 

Amino-acid oxidase — This was prepared from 
pig’s kidney by the method of Krebs (1935) The 
system employed for study consisted of 2 0 ml 
enzyme extract and 1 ml buffer (pH 7 3) with or 
without additions made up in buffer solution The 
enzyme extract was made by shaking 1 g dry 
powder with 40 ml water at room temperature for 
10 mm and then centnfuging Table XV gives 
the results and shows that none of the poisons 
tested interfered with the amino-acid oxidase 


table XV 

EFFECT OF SOME POISONS UPON THE AMINO-ACID OXIDASE 
FROM KIDNEY 


Substances ^ 

O. uptake (fil ) 
in 55 mui 

No addition 

25 

(//-Alanine (0 22Af) 

382 

, „ -t- 5 mg lecithin 

394 

, „ + 700 f^e H in 


lecithin 

394 

,, , + 200 fig lodoace- 


tic acid ’ 

382 

, -k 200 f^s dichloro- 


diethylsulphone 

1 

1 

367 


system , they cannot therefore inactivate the 
adenme flavine dmucleotide component 

The experiments in this section indicate that 
the pyruvate oxidase system is selectively poisoned 
by H at concentrations which do not affect the 
other parts of the system, though the concentra- 
tion of H required for this toxic effect is much 
' larger than that of arsenicals and the two relevant 
sulphones Since this work was reported Dixon 
and Needham (1941) have shown that H is toxic 
to the pyruvate system of B coh, an enzyme 
obtained by Still (1940) in clear cell-free solutions , 
the optimal pH for their enzyme was pH 62, 
diffenng from that of the brain expenments, pH 
73 

Dehydrogenase expenments — So far the experi- 
ments descnbed have been upon partly organized 
tissye systems, which is reasonable when the eg[ect 
upon the living cell is being especially considered 
But it was desirable to know how the isolated 
dehydrogenases behaved Many expenments were 
therefore done upon the actions of several of these 
compounds upon standard dehydrogenase prepara- 
tions , only representative experunents are .given 
m Table XVI for the 3 substances H, ftO,, and 
divinylsulphone In miiscle preparations H had no 
appreciable effect upon succinate, malate, or lac- 
tate dehydrogenase , with bram tissue H had a 
slight and vanable effect on succinodehydrogenase, 
but the action of H upon pyruvate dehydrogenase 
was always greater Nevertheless, as with the 
arsemcals, the action of H upon the pyruvate 
dehydrogenase is less than upon the total oxidase, 
suggesting that there is a factor in the aerobic 
system, perhaps the phosphokinase (Dixon and 
Needham, 1946), which is more sensitive 

The toxic action of HO, and of divmylsulphone 
was greater upon the pyruvate dehydrogenase 
than upon the other dehydrogenases , on the 
former the effect of comparatively low concentra- 
tions was considerable, which is m agreement with 
the investigation upon the total oxidase 

Discussion 

HO„ divmylsulphone, and H show a selective 
action upon the component of the pyruvate system 
deahng specifically with pyruvate , after comple 
tion of these expenments R van Heyningen (1941) 
and workers in the U S considerably extended the 
number of enzymes tried , very few were sensi- 
tive to H, hexokinase (Dixon and Needham, 1946 , 
van Heyningen, 1941) being an outstanding excep- 
tion Like the arsenicals, HO, and divmylsulphone 
appear to be combining with an -SH group , this 
IS consistent not only with the toxicity values but 
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TABLE XVI 

EFFECT OF DICHLORODIETHYLSULPHONE (HO 2 ), DFVINYLSULPHONE (DVS), AFJE) MUSTARD GAS (H) UPON PYRXTVATE 
AND SOME OTHER DEHYDROGENASES PYRUVATE, 0 018M, Na SUCCINATE, 0 082M, MAIATE, 0 0585M, 
LACTATE, 0 069Af , BOTH THE LATTER HAD COZYMASE ADDED , TOTAL VOLUME 1 5 ML 


i 

i 

Source^ j 
and type | 

1 

1 

Incubation 


Decolonzation tune (in mm ) for methylene blue 

- Exp , 

tune (min ) 

Substrate 

Substrate 

HO, 

DVS 

i 

for poison 


alone 

100 Aig 

200 fig 

25 fig 

1 

1 

Brain 

40 

1 


'Pyruvate 

Succmate 

15 

m 

40 

24 

\ 140 

^ 22 

— 

2 

Brain 1 

40 


’'Pyruvate 

Lactate 

16 

6i 

37i 
' 9 

70 

10 

z 

3 1 

Brain 

40 j 


Pyruvate 
, Succmate ! 

23 

15 

35 

17 

— 

40 

m 

4 1 

Brain 

40 1 

1 Pyruvate 

m 

— 

— 

a (100 ^g) 

5 I 

Brain 

40 

PjTuvate 

17 

— 

— 

80 (50 Mg) 

6 1 

Muscle ! 

0 

Malate 

10 

; 

10+ 

— 

1 

1 

0 

Succinate 

19 

— 

— 

19 (240 Mg) 

7 ] 

Muscle j 

40 

Malate 

7i 

— 

1 

n 





i 

H (800 fig) 



8 

Brain 

20 

1 

, J 

r Pyruvate 

13i 

22i 

200 fig HO. 

= 0 70 mM 

1 1 

[Succmate 

m 

12i 



9 

1 

1 Brain ' 

'40 1 ^ 

1 Pyruvate 
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also With the earher work (Peters and Walker, 
1924-5) on the abohtion of -SH reactions in skin 
shces, etc , by .some of these substances, and with 
other facts known now about the action of the sul- 
phones (Ford -Moore and Lidstone, 1940 , Banks, 
Boursnell, Francis, Hopwood, and Wormall, 1946 , 
Stahmann, Golumbic, Stein, and Fruton, 1946) , 
on the other hand, the idea that H combines as 
well with the -SH groups in the proteins as it does 
with thiol groups in compounds like glutathione 
must be abandoned In the earlier work (1924-5) 
it had been found that H, unlike its sulphone when 
free from dithio compounds, did not abolish the 
nitroprusside reaction of the fixed -SH groups in 
tissues , this was set aside at the start of the war, 
erroneously as it turned out Other workers (van 
Heyningen, 1941 Bailey and Webb, 1944 , Banks 
et al 1946) as well as ourselves (Peters and 
Wakelin, 1947) have concluded that in proteins 
the attack of H is only partly upon the -SH groups 
and that it combines with other groups like COOH 
In view of this, it cannot yet be deaded how H 
attacks the pyruvate oxidase system In another 
communication (Peters and Wakelm, 1947) the 
suggestion was made that potentiation by diethvl 
dithiocarbamate directs the attack of H to the -SH 


groups In this relation, with work upon lacn- 
mators, vesicants, and -SH groups, the work of 
Z Bacq and his colleagues (for summary see 
Z Bacq, 1946) is of mterest 

In regard to the toxicity of HO^ and of the 
arsemcals to the pyruvate oxidase system, it is 
interesting to note that Fell and Allsopp (1939, 
1946) have found for the lethal doses to tissue cul- 
ture preparations, 11-18 /jM for lewisite oxide and 
75 ixM for HOo , these amounts are surpnsingly 
close to those which mactivate this enzyme If 
It IS not the pyruvate system which is attacked, it 
must be some as yet unknown enzyme of equal 
sensitivity 

Note Since completion of this report, it has 
been concluded that the pyruvate oxidase system 
as studied here includes the tncarboxylic acid cycle 
(Coxon, Li6becq, and Peters , see Peters, Dixon 
lecture, 1948) 

Summary 

1 The toxicity of several non-arsenical vesicants 
and related substances to the pyruvate oxidase 
system m pigeon brain has been determined 

2 The most toxic substances were dichloro- 
diethylsulphone (HO,) and diMnylsuIphone it is 
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suggested that these compounds attack an -SH 
group “ 

3 Mustard gas (H) was less toxic , but with the 
help of emulsification with lecithin it could serve 
as a test for antidotes There is evidence that it 
IS not attacking the -SH group alone 

4 All three substances attacked the pyruvate 
system selectively, and the pyruvate components 
of the total oxidase system , the toxic action upon 
succmic dehydrogenase, malate dehydrogenase, 
and lactate dehydrogenase was much less marked, 
and no toxic action upon ammo-acid oxidase was 
observed with the concentrations used 

We wish to acknowledge the help of members of the 
team during this work, which was earned out during the 
war for the Ministry of Supply We are grateful to the 
Chief Scientific Officer for permission to publish, to 
Dr Ing and Mr Phdpot for diethanoldithiocarbamate, 
and to Prof Keibn for preparations of cytochrome C 
and succinodehydrogenase 
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In their classical study of the relation between 
chemical structure of amines and their sympatho- 
mimetic actions, Barger and Dale (1910) noted 
that a dose of ergotoxine sufficient to reverse the 
pressor effect of ((/-adrenahne in the spinal cat 
did. not reverse that of c//-noradrenaline The 
pressor response of the latter substance was 
greater than that of the former, but relaxation 
of the isolated non-pregnant uterus was shght 
Since that time many workers (Tainter, 1931 , 
Greer, Pinkston Baxter, and Brannon, 1937, 
1938 , Gaddum and Goodwin, 1947) have con- 
firmed these findings, and found that yohimbine 
and most ergot alkaloids in addition to ergotoxine 
depress but do not reverse the pressor response 
to noradrenaline Naturally occurring /-adren- 
aline and synthetic c/Z-noradrenaline were used for 
purposes of comparison On some occasions, 
however, the action of noradrenaline was wholly 
inhibited or even slightly reversed by ergotamine, 
though never to the same extent as that of adren- 
aline (Stehle and Ellsworth, 1937) Melville 
(1937) showed that certain dioxane denvatives 
such as 933F and 883F failed to reverse the 
pressor action of noradrenaline but did reverse 
that of adrenaline Dibenamine (Nickerson and 
Goodman 1947) has also been used as an 
adrenaline antagonist 

The difference in response of similar doses of 
the two amines on the blood pressure of cats and 
dogs after the administration of an antagonist 
has been used (n) to support the theory that the 
substance liberated on stimulation of the hepatic 
nerves is noradrenaline or some similar substance 
(for references see West, 1947b). and (h) to 
confirm the observation that extracts of various 
mammalian organs (except placenta) contain a 
pressor substance with properties like those of 
noradrenaline (Euler, 1946) It has now been 
possible to demonstrate the vasodepressor action 
of noradrenaline in the cat by using large doses 
The successful resolution of arterenol (rf/- 
noradrenaline) by Tainter, TuUar, and Luduena 
(1948) has enabled this work to be completed 
vMth both dl- and /-noradrenaline 


Methods 

In different experiments, spinal cats, cats anaesthe- 
tized with chloralose or urethane, and rabbits anaesthe- 
tized with urethane were used Blood pressure records 
were taken from the carotid artery , injections of te 
drugs were made into the femoral, jugular, or splenic 
veins, or into the external ihac artery so that the 
injected solution passed into the vessels of the oppo- 
site leg In some cats, injections were also made into 
one of the two mam sp’enic artenes Movements of 
the duodenum and uterus were recorded directly The 
adrenalme antagonists used were ergotoxine (5 mg / 
kg), ergotamine tartrate (2 mg /kg), and dibenamine 
(15 mg /kg) For enhancement of the responses 
cocaine hydrochloride (8 mg /kg) was given intra- 
venously 

In one experiment, samples of heparinized blood 
were taken from the femoral artery, and after bemg 
rapidly cooled were subjected to biological analyses 
(West, 1947b) Dialysed samples were tested on the 
perfused blood vessels of the frog (West, 1947a), whi'st 
undialysed plasma samples were tested on the isolated 
uterus and ileum of the rat (de Jalon, Bayo, and 
de Jalon, 1945) Solutions of /-adrenaline, dl- and 
/-noradrenaline were prepared from the pure sub- 
stances, which were kindly supplied by Dr M L 
Tainter 

Results 

During the comparison of the pressor actions 
ol adrenaline and c//-noradrenaline in the cat. 
It was confirmed that ergotoxine and ergotamine 
antagonized the vasopressor action of adrenaline 
so that the vasodilator component was unmasked 
No typical reversal occurred with noradrenaline 
since it has little vasodilator activity in compar- 
able doses When, however, the dose of nor- 
adrenahne was considerably merreased (to more 
than twenty times the correspondmg reversal dose 
of adrenaline), the vasodepressor action of nor- 
adrenaline became apparent (Fig 1) After 
double vagotomy, the fall of blood pressure 
following the injection of 250 pg noradrenaline 
into the femoral vein was still present Intra- 
\enous atropine likewise was without effect on 
this response It is worthy of note That the fall 
of blood pressure w'as prolonged, m contrast to 
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Fig 1 — Cat 2 5 kg CWoralose Ergotoxme The effect 
on the blood pressure of doses of /-adrenaline (A) 
and ^//-noradrenaline (N) before and after vagotomy 
All injections into the femoral vein 

the large transient fall after the administration of 
adrenalme, and never reached the maximum 
depression shown by doses of adrenalme These 
two facts suggest a defimte difference in the mode 
of production of the vasodepressor action 

In cats under chloralose receiving cocaine 
and ergotamine intravenously, similar reversals 
occurred, and in addition relatively small doses 
of noradrenaline produced falls of blood pressure 
In one anunal which had a steady blood pressure 
of about 200 mm Hg throughout the whole 
experiment, 10 jig of adrenalme by jugular 
vein produced maximal vasodilatation, whereas 


250 Hg of noradrenaline exerted the maximal 
effect for this drug These results wereTndepen- 
dent of the anaesthetic, since comparable results - 
were obtained in spinal cats and m cats under 
urethane and chloralose In a spinal cat, given 
cocaine and ergotoxme, the vasodepressor action 
of large doses of noradrenaline was only shown 
when the blood pressure had been raised to about 
100 mm Hg As with the adrenalme vaso- 
dilatation, there is a hmit to the amount of 
vasodepression obtainable by these drugs 

In a cat under urethane (Fig 2), 30 jig dl- 
noradrenaline after dibenamine produced a fall 
of blood pressure and relaxation of the ileum in 
VIVO comparable with that produced by 1 jig 
adrenahne In this experiment, samples of 
heparinized blood were taken from the femoral 
artery before the admimstration of noradrenaline 
and at the peak of the fall of blood pressure after 
its admimstration Half the number of samples 
were cooled immediately, centnfuged, and the 
plasma tested on the isolated uterus and ileum 
of the rat , the other half* were cooled immedi- 
ately, dialysed agamst /V/100 HCl containing 
0 1 g glycine per 100 ml , and the dialysate 
tested on the perfused blood vessels of the frog 
The results of the assays were calculated as nor- 
adrenalme and as adrenalme, and indicated that 
noradrenaline could be detected in the blood in 
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Fig 2 — Cat 2 0 kg Urethane 
Dibenamine Relaxation of the 
gut and fall in blood pressure 
produced by 1 fig adrenaline 
(A) and 30 fig noradrenahne 
(N) intrafemorally 



Fig 3 —Cat 2 5 kg Chloralose Top record, nght nictitating 
membrane, middle, left denervated nictitatmg raembran , 
bottom, blood pressure Potentiation of the /-adrenaline 
(A) and r/Z-noradrenaline (N) response by the intravenous 
injection of 2 5 mg neoantergan (Neo) 
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a concentration of I 0-1 5 fig /nil after the intra- 
venous administration of 30 /ig It is possible 
that a small quantity of noradrenaline may be 
methylated, and that the subsequent fall of blood 
pressure may be due to adrenalme , this large 
dose of noradrenalme, on the other hand, may 
liberate small amounts of adrenaline from dther 
tissues The tests on the samples of blood indi- 
cated, however, that most of the noradrenaline 
was present as such ,, adrenaline (0 23-0 50 /xg / ml ) 
was detected in the blood before the mjections of 
the amines 

Effect of antilustamine substances on the vaso- 
depressor response 

It is well known that the motor actions of 
adrenaline are potentiated by antihistamine sub- 
stances, presumably by antagomsm of the hista- 
mine hberated durmg the adrenahne response It 
seemed of mterest, therefore, to determine the 
effect of antihistamine substances on the nor- 
adfenahne response, before and after ergotoxme 
or dibenamme Neoantergan mtravenously 
(1 mg /kg) potentiated both the /-adrenaline 
and the c/Z-noradrenahne actions on the blocfd 
pressure and nictitating membranes (one dener- 
vated) of a cat under chloralose (Fig 3) Bena- 
dryl and antistine in suitable doses potentiated 
these actions in a similar manner After ergo- 
toxine, however, the depressor responses to 5 pg 
adrenaline and 100 pg noradrenaline were un- 
affected This indicates that the vasodepressor 
response to large doses of noradrenaline after 

DlBENflMlNE ^ 


Hsli 



t==e=a=eener==ff=fTre=e!;g=gBBe=g== 


ergotoxme or dibenamme is not due to a libera- 
tion of histamine 

Reversal of the vasodepressor response 

Recently Neil, Redwood, and Schweitzer 
(1948) reported that the depressor response to 
aortic or sinus nerve stimulation in cats under 
pentobarbitone was converted into a nse of 
blood pressure by the mtravenous injection of 
chloralose The exact mechamsm by which this 
change occurred was not determined Sm'all 
amounts of pentobarbitone were therefore 
admimstered to cats under chloralose In Fig 4, 
cocame and dibenamme were first given intra- 
venously, followed by vagotomy and neoantergan 
admmistration Doses of 1 pg adrenahne and 
30 pg noradrenalme product the typical falls 
m blood pressure and relaxation of the non- 
pregnant uterus Pentobarbitone (7 mg ) was 
then given and the cat was left for one hour 
After this time, the vasodepressor response to 
large doses of noradrenalme was converted to a 
rise of blood pressure The normal reversed 
action of adrenahne was unaffected, as also was 
the response to small doses of lyopropyl- 
noradrenalme (Fig 4, Is) After some time 
spontaneous reversion of the pressor to the 
depressor response with noradrenalme occurred 
In order to exclude the possible effects of altered 
pulmonary ventilation on the blood pressure, this 
expenment was repeated with similar results 
under artificial respiration with bilateral open 
pneumothorax 







Fig 4 — Cat 1 8 kg Chloralose Dibenamme and cocame Vagi cut 
Neoantergan 1 mg /kg mtravenously Relaxation of the qon-pregnant uterus 
and fall m blood pressure produced by mtrajugular doses of adrenahne (A) 
and noradrenalme (N) Between the left and right records, a penod of one 
hour dunng which time 7 mg pentobarbitone were given intravenously 
Note the reversal of the noradrenalme action on the blood pressure but not 
that of adrenahne The response to 0 5 ;xg isopropyl-noradrenalme (Is) 
was also unaffected 
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Injections by other routes 
TTlie more active /-noradrenalme was used for 
these experiments In cats under chloralose, it 
was confirmed that the ratio of equipressor doses 
of /-noradrenalme and /-adrenalme was about 0 6 
(Tainter, TuUar, and Luduena, 1948 , Graham, 
1949) After the ergot alkaloids or dibenamine, 
both substances exhibited depressor responses by 
the femoral, jugular, and intraportal routes, but 
the ratio of doses producing maximal vaso- 
depression was reduced from 30 1 (Fig 2) to 8 1 
(Fig 5, FV) for the femoral route When mjected 
into the artery supplymg the caudal end of the 
spleen of cats without ergot or dibenamine, nor- 
adrenaline produced pure rises of blood pressure 
at all dose levels, whereas adrenalme injections 
gave small rises of pressure followed by large 
falls After dibenamme, similar injections of both 
drugs produced depressor responses, that of nor- 
adrenahne being much less marked than that of 


ehcit the true vasodepressor response Further 
evidence that the vasodepressor responses of 
adrenahne and noradrenalme are the result of 
different mechanisms was shown by perfusion 
experiments. The hmd limbs of cats were per- 
fused with oxygenated Locke’s solution at 37° C, 
and the outflows recorded m a drop-timer 
(Gaddum and Kwiatkowski, 1938) In this pre- 
paration, small doses of adrenalme caused vaso- 
dilatation after dibenamme (given slowly), 
whereas similar doses of noradrenalme were 
without effect In addition, an mcrease in the 
dose of the latter had no vasodepressor action 

Experiments with rabbits 

In a few rabbits, it was shown that the ratio 
of equi-pressor doses of /-noradrenalme and I- 
adrenalme was about 2 0, confirmmg previous 
observations (West, 1948) that adrenalme is more 
active than noradrenalme m this animal After 
ergotoxme, pressor responses of both drugs were 
almost wholly reduced but not reversed Cannon 



and Lyman (1913) reported that the rabbit, m 
contrast to the cat, appears to lack a sympathetic 
depressor component capable of being unmasked 
by blocking agents such as ergotoxme Large 
doses of /-adrenalme and /-noradrenalme (up to 
1 mg ) failed to elicit any depressor action Smu- 
lar results were found m rabbits after dibenarmne, 
though it was difBcult to admimster this drug 
satisfactorily to these animals 

Discussion 

Previous workers have shown that a dose of a 
sympatholytic agent sufficient to reverse the pres- 


30 sec 


Fio 5 — Cat 3 2 kg Chloralose Ergotoxme The effect 
on the blood pressure of doses of /-adrenalme (A) 
and /-noradrenalme (N) uyected mto the splenic 
artery (SA) and the femoral vem (FV) 

adrenaline (Fig 5, SA) These effects were mde- 
pendent of the anaesthetic, smce comparable 
results were obtained m cats under urethane or 


sor effect of adrenaline does not reverse that of 
noradrenalme Eqm-pressor doses of the two 
amines before the admmistration of the antag- 
onist were used to demonstrate this difference m 
response The obse^ation that noradrenaUne in 
suitable doses can produce regular vasodepressor 
responses m cats which have been treated with 
ergotoxme or dibenamme is important The fall 
m blood pressure only occurs after large doses of 


ether As reported earlier (West, 1948), the latent 
penod of noradrenalme mjections by splenic 
artery was always longer than that of adrenaline 
When mjected mto the external ihac artery (so 
that the injected solution passed mto the vessels 
of the opposite leg), 1 pg adrenaline after cocamc 
and dibenamme was required to cause the same 
fall of blood pressure as 0 5 pg adrenaline by 
jugular vem When noradrenalme was mjected 
m a similar maimer, 15 jig by the jugular vem 
produced a comparable fall of blood pressure, 
but all intra-artenal doses up to 100 /ig failed to 


noradrenalme , also it is always more prolonged 
than that produced by adrenalme, and never 
reaches such low levels West (1948) showed that 
after large mtraportal doses of dihydroergotamine 
m cats, it was sometimes possible to obtain dejires- 
sor responses to small mtraportal doses of nor- 
adrenahne, when sunilar doses of adrenalme were 
without effect Nickerson and_Goodman (1947) 
reported that the reversal of the adrenergic vaso- 
pressor effect by dibenamme was not altered by 
atropme, benadryl, and pynbenzaminc, or by the 
anaesthetic used, and was due to vasodilatation 
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The mechanism by which the vasodepressor 
response to noradrenahne is produced is not 
clear Several possibihties exist (1) Constnction of 
the coronary artenes may occur Bacq and Fischer 
(1947) reported that extracts of human coronary 
nerves and artenes contam adrenahne, and they 
suggested that in certain diseases the synthesis of 
adrenalme is stopped at the stage of noradrena- 
hne, which may have a vasoconstrictor action on 
the coronary vessels In direct contrast to this 
suggestion. Marsh, Pelletier, and Ross (1948) 
showed that noradrenahne mcreased cardiac out- 
put and coronary flow in isolated mammahan 
hearts (2) Constriction of branches of the portal 
vem m the hver may be produced In two cats 
given dibenamme, the whole portal vem was 
closed, and when the blood pressure was stabi- 
lized large doses of noradrenahne stiU exhibited 
vasodepressor responses (3) Constriction of the 
pulmonary arteries may take place A rise m 
pressure m the pulmonary vessels has been shown 
to mduce a fall in the systemic circulation m a 
cat (Pann, 1947) , this fall was the result of a 
cardiac component and a circulatory component 
The changes in the general circulahon were due 
to vasodilatation, the spleen mcreasing m volume 
as long as its nerv'e supply remained mtact It 
was considered probable that pressoreceptor re- 
flexes arise m the pulmonary artery, and it is 
possible that the depressor response to nor- 
adrenahne may be produced by this mechanism. 
In all the experiments with pentobarbitone, 
reversal to a pressor response did not occur 
immediately but was maximal after about an 
hour, when the vasodilator action of adrenahne 
still existed It is not known whether excess 
of pentobarbitone affects the fall m systermc 
pressure mduced by a rise in pressure m the 
pulmonary artenes 


Summary 

t 

1 Large doses of /- and ^//-noradrenahne pro- 
duced vasodepressor responses m cats given ergo- 
toxme or dibenamme No such action was noted 
m rabbits 

2 The raechamsm by which this fall of blood 
pressure is produced has been studied It is 
probably not due to vasodilatation, as is the 
normal adrenalme reversal response 

3 Intravenous injection of pentobarbitone con- 
verted the depressor response to a nse of. blood 
pressure m cats under chloralose 
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A previous paper (Hawking and Ross, 1948) has 
descnbed the toxicology, absorption, and excretion 
of miracil D in monkeys and m healthy volunteers 
The present paper records a chmcal trial of this 
compound on patients infected with Schistosoma 
haematobium and/or S mansoni A preliminary 
note on these findmgs was pub|ished by Blair, 
Hawking, and Ross (1947) 

Miracil D is the hydrochlonde of l-methyl-4-)3- 
diethylaminoethylammothioxanthone 



It was synthesized by Mauss, and shown by 
Kikuth, Gonnert, and Mauss (1946) and Kikuth 
and Gonnert (1948) to have considerable thera- 
peutic activity for mice and monkeys infected with 
S mansoni The compound is administered by 
mouth Subcutaneous or mtramuscular mjection 
causes considerable local irritation, and when given 
intravenously the toxicity is much greater than 
i\hen given orally 

As shown in the previous paper, it is rapidly 
absorbed from the alimentary canal, and H hours 
after a single dose of 0 2 g to an average man 
the concentration m the blood nses to about 1 mg 
per htre Only about 7 per cent of the drug is 
excreted in the unne, and little appears m the 
faeces , presumably about 90 per cent is degraded 
in the body There is httle tendency for the drug 
to accumulate Deliberate prolonged overdosage 
in animals produced degenerative changes m the 


hver and the renaT tubules m a few animals, but 
these were usually much less than would have been 
expected 

Organization of therapeutic Inal 

The present investigation was earned out at 
Salisbury, Southern Rhodesia, beginning in the 
second half of 1947 Patients with active schisto- 
some infections were selected for the tnals Unnes 
and stools were collected and examined for the pre 
sence of eggs and muracidia The unnes were exam- 
med by collecting the terminal specimen of unne, 
centrifuging it, and exammmg the resultant deposit 
for eggs Ongmally the faeces were exammed by 
collecting matenal from the outer layers of the stool 
together with any blood or mucus present and making 
an emulsion, with pond water, m a 3-m x I-m tube 
This emulsion was then filtered through a coffee 
stramer and transfered to a conical unne glass, fur- 
ther pond water was added, and the whole was allowed 
to settle The supernatant was poured off, fresh water 
was added, and this washing process was repeated 
several times , Finally the resultant deposit was exam- 
ined microscopically for the presence of eggs Later, 
improved methods of diagnosis were used both for 
unne and faeces, depending on the hatchmg out of 
miracidia from the washed deposit and their identifi- 
cation with a hand-lens under indirect illumination 
(Gorman, Meeser, Ross, and Blair, 1947 , Meeser 
Ross, and Blair, 1948) Most of the therapeutic tnals 
were made on young patients who were passing eggs 
in large numbers , infections in adults are less satis- 
factory for this purpose, since excretion of eggs is often 
intermittent 

Previous to treatment each patient was examined 
clinically and weighed stnpped The age m Afneans 
can be ascertained only approximately Before com 
mencing treatment a haemoglobin estimation was 
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made usmg a Newcomer standard (acid haematin) 
measured with a Klett-Bio colorimeter , a white 
blood corpuscle count and a differential leucocyte 
count were also made The drug was given as un- 
coated 100-mg tablets (kindly made up by Messrs 
Burroughs Wellcome and Co ) followed by a dnnk of 
water With patients receivmg once-daily doses it 
was usually given at 2-3 p m , about two hours after 
the midday meal, but occasionally it was given at 
10 a m Doses were not given on Sundays All doses 
were given under the personal supervision of one of 
the wTiters 

After treatment the patients were followed up at 
7-day intervals for at least sixteen weeks In some 
of the groups these weekly exammations were mter- 
rupted for four weeks by absence dunng the school 
holidays The successful follow-up of so many of 
the school-children was greatly assisted by the helpful 
co-operation of Messrs C M Drury and F G 
Lovendge, successive headmasters of the Salisbury 
African School At each follow-up a specimen of 
urme and/or stool was exammed by the methods 
aheady descnbed Patients were considered “nega- 
tive” if there were no eggs, or only calcified eggs 
w’ere present. Patients were classified according to 
whether (1) active miracidia could be hatched (A), 
(2) hvmg eggs were found but no miracidia hatched 
(E), (3) only dead eggs were present (D), (4) no eggs 
could be detected (O) A haemoglobm estimation and 
a white cell count were also made If the white cell 
count was altered sigmficantly from the previous 
count, then a differential cell count was done to obvi- 
ate the msidious onset of agranulocytosis or any other 
type of cell change 

-Clinical Results 

The patients treated may be divided mto five 
senes, some of w'hich may be subdivided into 
groups 

First senes of patients 

The patients of the first senes were 'divided into 
five groups The first group consisted of three 
adult male Afncans employed in the laboratory , 
their ages were 30-45 years The second group 
was made up of ten male Afncan school- 
boys , their ages ranged from 14-17 years, 
average 16 years, and their weights ranged from 
40 Jo 64 kg, average 53 kg One boy in this 
group, who felt unwell on the fourth day, stopped 
treatment after one dose of 50 mg and three doses 
of 100 mg The third group consisted of thirteen 
male Afncan school-boys , their ages ranged from 
14-17 years, average 15^ years, and their weights 
from 33 to 66 kg , average 54 kg The fourth group 
consisted of seventeen Eurafncan (coloured) school- 
children, thirteen males and four females, whose 
ages ranged from 10-17 years with an average of 


13 years As there were considerable differences 
m weight m this group, a demarcatmg hne of 40 kg 
was taken, those over 40 kg (six boys weighing 
41 to 68 kg, average 49 kg) fonmng one sub- 
group, while those less than 40 kg (seven boys 
and four girls weighing 30 to 40 kg , average 35 kg ) 
formed another The fifth group consisted of one 
male European, aged 17 years 

Of the forty-four patients under treatment, in 
the first group two had S haematobium infections 
and one S mansoni , m the second group, five had 
5 haematobium mfections and five had double 
infections of S haematobium and S mansom , in 
the third group, two had S mansoni infections, mne 
had S haematobium infections, and two had 
double infections , m the fourth group, fifteen had 
S haematobium mfections and two had double 
infections , andjn the fifth group there was a smgle 
5 haematobium infection 

The results of treatmg the first senes of patients 
are shown in Table I 

It must be remembered that in schistosomiasis 
egg production as discovered by exammation of the 
excreta may frequently be intermittent Durmg a 
senes of repeat examinations of the same patient 
negative findings are not imcommon This may be 
due to a number of factors, such as agemg, rela- 
tively mferhle worms ceasing to produce eggs 
regularly, or advanced damage of bladder and 
bowel with consequent fibrosis which makes the 
passage of eggs more diflBcult Thus m Group HI 
one case was positive, negative, and then positive, 
and a second case negative, positive, and agam 
positive* at the end of treatment, four weeks later 
and eight weeks later respectively Furthermore, 
although reinfection dunng the time of the follow- 
up was unlikely, it was by no means impossible, 
and after eight weeks cases classified as “ relapses ” 
may possibly have been reinfections These fac- 
tors make the assessment of cure at any one time 
difficult From Table I it can be seen that 12 
infections (1 of S mansoni and 11 of 5 haemato- 
bium) were apparently cured — ^i e , no miracidia 
or fresh eggs were found twelve weeks after treat- 
ment , but m 9 of these 12 mfections the excretion 
of eggs had imtiaUy been hght or irregular The 
number of patients cured was smaller than the 
number of mfections cured, smce 9 patients miti- 
ally had double mfections, and one species might 
disappear while the other remamed The results 
of treatmg these double mfections were as fol- 
lows , among the eight patients followed for 
twelve weeks, not one remamed negative for both 
mfections alffiough three became negative for S 
haematobium alone and one for S mansoni alone 
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If the results are reckoned m terms of individual 
patients, and the type of infection is disregarded, 
then out of forty-three patients treated only eight 
patients no longer passed eggs twelve weeks after 
treatment had fimshed , two of these were in 
Group I, one in Group 11, three m Group m, and 
two m Group IV On the other hand, if the cases 
are judged by the cntenon whether or not miracidia 
could be hatched from the excreta (satisfactory 
data on this subject are not available for aU the 
patients), it is found that at the end of treatment 
19 out of 34 cases of haematobium mfecdon had 
become negative Two weeks after treatment 15 
out of 26 cases were negative , at four weeks after 
treatment the results by this test (8 negative out of 
33) were similar to those judged by the presence or 
absence of hvmg ova (11 negative out of 40) The 
results with infections of S mansom were approxi- 
mately the same whether judged by the presence of 
viable eggs or by the hatching of miracidia 

From this senes it was concluded that the thera- 
peutic effect of miracil m daily doses of 0 3 g was 
not great However, m view of reports from 
workers at Cairo that patients could tolerate larger 
doses of miracil than 0 3 g daily, and m view of 
.the failure of miracidia to hatch m many of the 
cases after miracil treatment, further tnals were 
instituted using higher levels of dosage 

Second series of patients 

These consisted of thirteen Afncan school-boys, 
who were given a daily dose of 0 6 g per day 
durmg 15 consecutive days (omittmg the 11th, 12th, 
and 13th days on account of the weekend) Many 
boys complamed of abdommal pam and vomitmg 
(some of which may have been psychological m 
ongm), so that attendance for treatment was irregu- 
lar and only one of the boys. No 4, completed the 
fuU course Two of the boys had been treated 
with miracil six months earher as part of the first 
senes. No 2 having received 0 35 g and No 5 
having received 4 25 g without any apparent bene- 
fit The details concemmg these patients together 
with the results of treatment are shown in Table II 

In spite of the great irregulanty of the dosage, 
the therapeutic effects of the compound are much 
more definite than those observed in the first tnal 
The effects are most marked at three weeks after 
the end of treatment, at which time 10 out of the 
13 boys had ceased to pass hvmg eggs After this 
some of the boys began agam to show signs of 
infection For the purpose of this paper, these 
cases are mterpreted as relapses, although the pos- 
sibihty that some were reinfections cannot be 
excluded By the sixteenth week 4 out of the 13 


were still free from living eggs , these 4 boys had 
presumably been cured — ^i e , sterilized by the treat- 
ment The therapeutic effect was not m direct pro- 
portion to the dose The boys who were cured 
had received total doses of 77, 150, 98, and 55 mg 
per kg In other boys — e g , No 2 and No 8 — 
total doses of 83 and 91 mg per kg had exerted 
little or no definite effect on the excretion of living 
eggs 

Third series of patients 

In view of the encouraging early results of this 
second senes of patients, a third .senes was com- 
menced The patients were agam school-children 
A dose schedule for subjects of medium weight 
(45-55 kg ) was planned as follows 1st day 0 3 g , 
2nd day 0 4 g , 3rd day 0 5 g , 4th and 6th days 
0 6 g (5th day omitted), 7th and 8th days 0 7 g , 
9th and 10th days 0 6 g , total 5 0 g Adjustments 
were made for patients lighter or heavier than this 
weight-range These children took the drug much 
better than those of the previous senes did, even 
though the average daily dose was greater They 
actually received total doses rangmg from 40 to 
104 mg. /kg, average 90 mg /kg , the average 
daily dose was about 8-10 mg /kg The details 
about these patients and the results of treatment 
are given in Table III In addition six sunilar chil- 
dren (five infected with S haematobium and one 
with S mansoni) chosen for controls were given 
placebo tablets of sodium citrate dyed yellow so 
as to resemble miracil , the details of these are 
given m Table IV for companson At 6 weeks 
after the end of treatment, 13 out of 15 treated 
patients who were exammed no longer passed hve 
eggs , only 2 of those exarmned stiff showed signs 
of an active infection Fifteen weeks after treat- 
ment 9 out of 18 appeared completely free from 
infection, and 3 others passed only occasional dead 
eggs One patient had never responded to treat- 
ment, while the remammg five showed a temporary 
response but the infection reappeared One patient 
(No 28) who was also infected with S mansoni 
continued to pass ova m the faeces The six con- 
trols (Table IV) contmued to pass large numbers 
of hvmg eggs throughout the penod of observation, 
apart from the fact that a girl (No 32) with a 
double infectioo of haematobium and mansoni 
ceased to pass mansoni ova in the faeces 

Fourth senes — maximum tolerated doses of miracil 

In order to discover the maximum amounts of 
miracil which could be tolerated, larger doses were 
given to patients with haematobium schistosomiasis 
who had been put m hospital for some other 
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TABLE IV 

SUMMARY OF THE EXCOIETION OF OVA IN SIX UNTREATED CONTROL CHILDREN, CHOSEN AT RANDOM FROM THE 

THIRD SERIES 

Symbols as m Table II 




Age 

and 

sex 

Wt 

kg 

13? 

37 5 

17,? 

53 

14j 

46 

14j 

46 

155 

37 

165 

1 43 

1 


Imtial state Excrebon of ova at number of weeks after end of treatment 


8 9 i 10 11 I 12 13 14 15 



Proportion not passmg livmg ova 



reason As shown in Table V, three patients were 
given 0 4 g three times a day for about 9 days (one 
patient only for 6 days), and three were given 
0 6 g three tunes daily for 6 days Only one of 
these patients, No 40, showed any toxic effect that 
might have been due to the drug , he complamed 
of abdominal pam and vomited on the fifth day , 
the significance of this vomiting is uncertam 
Before treatment began, miracidia could be hatched 
out from the unne of five of these patients On 
“ the last day of their treatments, the urmes of two 
of these five patients were free from eggs , the 
unnes of the other three contained apparently 
living eggs but the muacidia did not hatch Another 
patient. No 44, was given 0 6 g twice dady for 
two days , soon after the first dose on the second 
morning he vomited The dose was reduced to 

0 4 g once daily for two days , nausea was felt 
On the fifth day he was given 0 3 g twice and 
he had nausea and vomited Four days later the 
unne still contained eggs but miracidia could not 
be hatched Four other patients (Nos 45-48 , not 
in hospital) were given once-daily doses as shown, 
which were increased durmg the five days of treat- 
ment to a maximum of 1 6 g Two of these (46 
and 47) had no toxic symptoms at all One (No 
45) weighing 54 kg complained of abdommal pain 
on the 4th and 5th days after doses of 1-2 g and 

1 6 g respectively , he vomited after the last dose, 
without bnngmg up much of the compound One 
patient (No 48 , weighing 32 kg) had abdominal 
pains, nausea, and voimting on the '4th and 5th 
days after doses of 0 8 and I 0 g respectively On 
the day following treatment miracidia could be 
hatched from the urines of three out of the four 
patients Six of these patients have been fol- 


lowed for 15 weeks , at the end of this period, none 
passed hvmg ova 

Ft/f/i senes of patients 

Four miscellaneous patients were treated accord- 
ing to various schedules The detail? about these_ 
are shown in Table V In the two European 
children (Nos 51 and 52), the skin was stained 
yellow by the drug Three of these patents seemed 
to have been cured , one relapsed (or was re- 
infected) after 11 weeks 

Toxicity 

The patients were questioned daily when given 
their dose for any toxic effects of the treatment, 
but with Afneans it is generally difficult to evalu- 
ate reports of minor symptoms which may be 
exaggerated or concealed The symptoms of pos- 
sible toxicity dunng this investigation were still 
more difficult to evaluate because they tended to 
be more pronounced during the less intense courses 
than m the more intense ones 

In the first senes (treated with 0.2-0.3 g daily) two 
boys reported slight or moderate nausea, each on one 
occasion, but its relation to rniracil is uncertain One 
fairly old man m Group I suffered more severe 'symp- 
toms He began taking miracil on July 21 On 
Aug 2 he vomited, and for the next two days there 
was nausea, lack of appeUte, and weakness' On 
Aug. 4 the drug was stopped (after 12 doses totalling 
2 I g ) but was started again soon after On Aug 5 
he felt all nght , haemoglobin 86 per cent, W B C 
4,200 per cu mm as at beginnmg of treatment On 
Aug 7 and 8 nausea, anorexia, and vomitine, but he 
continued at work these two days On Aug. 9 he 
could not come to work , cough, shortness of breath, - 
shght disorientation, pulse rate 96 On Aug. 10 he 
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Symptoms 


None 

None 

Pam and vomi- 
5th day [ting 

None 

None 

None 

Nausea and 
vomiting 

Abdommal pain. 
2 days Vom- 
ited last day 
None 

None 

Abdominal pain 
and nausea 2 
days Shght 

vomiting 2 days 
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began to take food Aug 11, all nght , chest, nothing 
abnormal discovered Aug 15, haemoglobin 63 per 
cent, W B C 3,500 per cujnm These symptoms may 
have been due to other causes, although there was no 
clear evidence of an intercurrent mfection, and they 
cannot be proved to have been due to miracil 

None of the patients treated showed significant 
changes in the haemoglobin percentage or white 
cell counts dunng or after treatment None com- 
plained of tinnitus (Africans might not report it 
even if present) There were no gross changes in 
the unne , shght albummuria or haematuna was 
masked by the Schistosomiasis The European of 
the first series. Group V, became distinctly yellow 
in the skin and conjunctivae while takmg the drug, 
but he had no other symptoms 

In the second senes there was a good deal of 
difficulty m gettmg the children to take the full 
doses (0 6 g once daily) , they complamed mainly 
of loss of appetite and abdominal pain and there 
seems to have been much deliberate absenteeism 
The doses were given as 6 tablets each of 100 mg , 
and this large number of separate pills may have 
had a bad psychological effect One boy, No 4, 
took 66 g On the last day of his course 
(Feb 17) he complamed of pain m the abdomen 
and mabihty to see clearly On Feb 24 he 
developed an acute generalized pruritus, which was 
severe during the short time it lasted The nert 
day he showed a close herpetiform rash on tlie 
outstanding margm of his R trapezius muscle, per- 
haps an affection of the accessory nerve In this 
connexion it may be recalled that Alves and Blair 
(1946) observed a herpetiform rash over the 
trapezius muscle m one of 100 Africans treated by 
their mtensive course of sodium antimonyl tartrate 
Ritchken and Cantor (1947) noted an assoaabon 
between the admimstration of a similar mtensive 
course of antimony and the onset of herpes zoster 
in five of their patients These cases of herpes and 
herpetiform rash had been attnbuted to the anti- 
mony, but m view of a similar occurrence during 
treatment with miracd it is possible that the herpes 
IS really caused by the disintegration products of 
the dying schistosomes 

In the third senes most of the children registered 
no complaints except loss of appetite , but one 
child (No 28) felt ill after the penultimate dose 
Another complained of vomiting and of feeling 
generally weak on the 8th day after beginnmg 
treatment, but he took his other^ doses without 
incident 

In the fourth senes (which received the highest 
doses) the symptoms of toxicity were restricted to 
abdominal pain, nausea, and vomitmg in some of 


the patients, and they have already been described 
In the fifth series no toxic symptoms were 
observed 

Concentration of miracil in the blood of patients 
Three adult male Afncans, who were mfected 
with S haematobium (2) or S mansoni (1) were 
given miracil D by mouth at 8 a m each day for 
6 days Blood was withdrawn at appropnate mter- 
vals and the concentration of miracil was deter- 
mmed accordmg to the method of Latner, Coxon, 
and King (1947) as used in the work of the pre- 
vious paper These patients, who were confined 
to bed, suffered no toxic effects They left hos- 
pital SIX days after treatment, at whidh time they 
were still passmg viable eggs The details of these 
estimations are shown m Table VI, which should 
be compared with Table n and Fig 2 of the paper 
by Hawking and Ross (1948) The blood con- 
centrations reached in different individuals vary 


TABLE VI 

CONCEKTRATIONS OF MIRACIL D IN BLOOD IN MO 
PER LITRE 


Daily 

dose 

mg 

1st day 

2nd day 

1 

4th day | 

6th dav 

2i hr 

6 hr 

24 hr 

21 hr 

■>4 hr 

2i hr 

24 hr 

2i hr 

24 hr 

100 


0 62 

0 42 

0 63 

0 24 

0 32 

0 32 

0 62 

0 28 

200 

0 33 

0 77 

0 68 

0 82 

0 32 

0 37 

0 62 

0 60 

0 44 

300 

0 89 

I 20 

0 06 

1 20 

0 90 

1 10 

0 78 

1 40 

1 20 


somewhat , allowmg for these vanations the con- 
centrations obtained in these Afncan patients were 
similar to those found m the European volimteers 
There was no defimte tendency of the compound 
to accumulate m the blood 

Patients treated with miracil A B, and C 

Tnals were also earned out on miracils A, B, 
and C, but as only a small quantity of each com- 
pound (less than 10 g) was available, which had 
been kindly supphed by Dr Mauss for another 
purpose, only one patient could be treated with 
each 



Miracil A is the hydrochloride of 4-P-diethylaniinoethyl- 
ammo-l-methylxanthone 
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Miracil B is the hydrochlonde of 8-chIoro-4-p-cliethyl- 
aminoethylamino-l-methylxanthone 


NH CH.CHjNCCiHb), 




HCl 


S/Xo/x/ 

CHs 

Miracil C IS the hydrochlonde of 4-P-(hethylaimnoethyl- 
amino- 1 -methylxanthydrol 


Miracils A and B are xanthones whereas 
miracil D is a thioxanthone Miracil C is the 
dihydro denvative of miracil A , miracil B differs 
from miracil A in conjaimng a chloro substituent 
in the second benzene rmg 
These compounds were synthesized by Mauss, 
and their chemotherapeutic activity on, expen- 
mental schistosomiasis m mice and monkeys was 
mveshgated hy Kikuth and Gonnert They found 
that these compounds are well tolerated by mouth , 
when given subcutaneously they produce marked 
local imtation which occasionally leads to necrosis 
at the site of the mjection , when given mtra- 
venously they are mactive except miracil D, 
which is not given by this route for pharmaco- 
logical reasons When given orally for the treat- 
ment of mouse schistosomiasis miracil B is almost 
four times as active as miracil C and D and more 
than eight times as active as miracil A In the 
treatment of monkey schistosomiasis the relative 
activities are different Miracil D is the best pre- 
paration, miracd B produces an effect only m doses 
which cause vomitmg, and miracil A, which is 
only slightly active in mice, shows clear-cut activity 


TABLE vn 

TOXICITY TESTS 

The toxicity of the miracd compounds, when given 
orally to mice 


Com- 

pound 

Maximum tolerated dose m mg per 20 g 

Kikuth and GSnnert 
(smgle dose) 

Sewell 

(four daily doses) 

Miracil A 

67 

5 

Miracil B 

20 

10 

Miracil C 

10 

5 

Miracil D 

13 

5-10 


m monkeys Miracil C occupies a mid-way posi- 
tion m activity m both mouse and monkey tests 
The toxicity of these compounds was kmdly 
determmed for us at the National Institute for 
Medical Research, London, by Mr P Sewell, by 
givmg oral doses of 5, 10, and 20 mg /20 g mouse 
daily for four successive days His results are 
given in Table VII and compared .with those of 
Kikuth and Gonnert, obtamed by treating mice 
with a smgle oral dose In view of the small 
number of mice used, the results obtamed are in 
agreement 

Clinical trial 

The patients were young Africans Each patient 
IS considered individually 

A Weight 63 kg , mfected with S haemato- 
bium , complained of blood in urme before com- 
mencing treatment , previously treated with anti- 
mony for schistosomiasis m January, 1947 He 
was treated with 6 daily doses of 100 mg miracil 
A by mouth m first week and 6 daily doses of 
200 mg miracil A m second week Total dose= 

18 g 

B Weight 66 kg , infected with S haemato- 
bium , this man had no symptoms at commence- 
ment of treatment He was treated with 5 daily 
doses of 100 mg miracil B by mouth in first week 
and 5 daily doses of 200 mg miracil B in second 
week Total dose=l 5 g 
C Weight 66 kg , infected with S haemato- 
bium , this man, who was very dull mentally, com- 
plained of vague “ falhng turns ” for past three 
years He was treated with 6 daily doses of 
100 mg rmracil C by mouth m first week and 
6 daily doses of 200 mg miracil C in second - 
week Total dose=l 8 g 
These three patients had viable eggs m their 
urmes when treatment began They were examined 
at weekly mtervals durmg treatment, and at 2 
weeks, 4 weeks, < and 8 weeks after the end of 
treatment On each occasion viable eggs were 
found m the urme ‘ Neither these three patients 
nor the patients who were treated m determinmg 
the blood concentrations showed any toxic effects 
of the drugs 

Concentrations of miracils A, B, and G in the blood 
of patients 

Adult Afncan patients who were m hospital suf- 
fenng from some other condition as well as schisto- 
somiasis were used m determmmg the blood con- 
centrations of these drugs The concentration of 
the drug was measured by means of a Spekker 
photo-electnc absorptiometer according to the 
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TABLE -Vm 

BLOOD CONCEOTRATIONS OF THE MIRACIL COMPOUNDS 
AFTER A SINGLE ORAL DOSE OF 200 MG 


Compound 

Mg per htre at vanous tunes after 
dose 

2ihr 

6 hr 

24 hr 

Miracil A 

0 16 

012 

Nil 

Miracil B 

0 10 

0 28 

Nil 

Miracil C 

Nil 

Nd 

Nil 


method of Latner, Coxon, and Kmg (1947) for the 
estimation of rmracil D It appeared that miracds 
A, B, and C could be estimated m the same way 
as miracil D For each drug the blood concen- 
trations after a single dose of 200 mg were deter- 
mined and these are shown m Table VUI The 
blood concentrations of miracd A and miracil B 
were less than those observed after a smgle dose 
of miracil D (Hawkmg and Ross, 1948 , Table II) 
if allowance is made for the marked mdmdual 
vanations between different patients No drug 
could be detected m the blood of the patient who 
had received miracd C , as there was no more 
miracil C available, this result could not be veri- 
fied The blood concentrations of miracds A and 
B were followed m patients who received dady 
doses of 100 and 200 mg for 5 days, as shown m 
Table IX , the unnary concentration of the drugs 
was deterrmned on the two days followmg cessa- 
tion of treatment The results are shown m Table 
tX The blood concentrations of miracd A and 
B are lower than those observed in patients treated 

TABLE DC 


BLOOD AND URINE CONCENTRATIONS OF MIRACILS 
A AND B DURING FIVE DAILY DOSES BY MOUTH 


Daily dose 
of 

compound 

1 1 

1 Blood concentrations 
mg /I 

Unne concen- 
trahons mg /I 

1st day 

2nd 

day 

6 hr 

5th 

day 

6hr 

1 

6th 

7th 

2ihr 

6 hr 

1 

day 

day 

Miracil A 
100 mg 

020 

0 10 

1 

040 

032 

1 

20 

NU 

Miracil A 
200 mg 

0 30 

046 

0 56 

1 

048 

27 

Nfl 

Miracil B 
100 mg 

0 16 

004 

008 

0 28 

12 

Nil 

Miracil B 
200 mg 

0 24 

010 

0 30 

0 34 

21 

j Trace 


with miracd D m simdar dosage (Hawkmg and 
Ross, 1948) 

Owmg to the hmited supphes of the compounds 
which were avadable the patients observed were 
too few to yield significant results, but they may 
provide prelimmary mdications for further mvesh- 
gations In these doses no toxic effects and no 
therapeutic effects were observed Judgmg by 
analogy with nuracd D, however, it is probable that 
much larger doses would have been tolerated and 
these might have been therapeuhcally effechve 

Discussion 

This mvestigation on the therapeuhc value of 
miracil D is stiff m progress and it will probably 
be several years before a rehable evaluahon of 
the compound can be made The present paper 
reports the prehmmary results which have been 
obtamed for the information and guidance of 
workers who may be interested m this subject in 
other parts of the world 

The -therapeutic effect of miracd D seems to 
depend much more on the intensity of the dosage 
than on its total amount ,At 02 or 03 g per 
person (4 mg per kg ) dady, the therapeuhc effect 
is shght and dubious even though treatment be con- 
hnued for over three weeks At 0 5;:0 7 g per 
person (over 10 mg per kg) dady the therapeuhc 
effect IS marked, and a high proportion of the 
pahents can be sferdized 

These results may be compared with those 
reported from Egypt in three papers by Azim, 
Halawam, and Watson (1948), Watson, Azim, 
and Halawam (1948), and Halawam, Watson, Nor 
El-Din, Hafez, and Dawood (1948) They treated 
pahents with doses up to 7 5 g during 8 days, but 
permanent cures were not usually produced except 
by the highest doses , toxic symptoms seem to have 
been more pronounced than they were m Rhodesia 

The data about the possible toxicity of the com- 
pound are conflichng One boy (second senes) suf- 
fered from generalized pruntus and a herpetifonn 
rash after takmg 6 6 g dimng 15 days , this may 
have been due to the drug or to dismtegrahon 
products of dymg schistosomes One man suf- 
fered from mtense nausea, with vomihng, profound 
malaise, cough, and shght disonentahon after 
taking about 14 daily doses totallmg about 2 5 g i 
these symptoms may or may not have been due 
to the drug Some of the boys in the second 
senes complamed of nausea and colic, but many 
of these symptoms may have been psychological 
Of the 11 patients given the biggest doses, seven 
were all nght and five suffered from nausea, vomit- 
ing, and abdoirunal pam , but in only one pahent 
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were the symptoms'severe enough to require reduc- 
tion of the dose 

Taking the patients as a whole, it may be con- 
cluded that nausea, vomiting, and abdommal pam 
may occur , but they are not senous and their fre- 
quency is not proportional to the dose It is not 
certam that the other untoward effects are really 
due to the drug All these symptoms of toxicity 
seem to be idiosyncrasies depending on the patient 
more than on the size of the dose No uniform 
set of toxic symptoms has yet manifested itself 
The yellow staimng which is seen with hght skins 
is dnimportant except from the cosmetic point of 
view The msomma, headache, giddmess, vertigo, 
excessive sweatmg, tremor, and twitchmg observed 
by Halawani and his colleagues (1948) have not 
been seen in our patients, nor has there been any 
evidence of disturbance of the heart Halawam, 
Newsome, and Wooton (1947) have shown that 
the blood concentration of rmracil (and presum- 
ably also its toxicity and its therapeutic potency) 
IS raised by impairment of kidney function , most 
of our patients were vigorous adolescents m whom 
the kidney function was presumably good 

The ultimate value of a drug depends on the ratio 
between its therapeutic effectiveness and its toxic 
effects, but convemence of admmistration, expense, 
and the possibihties of alternative treatments have 
to be taken mto consideration With mtracil D 
evidence has now been obtamed that a large pro- 
portion of patients infected with S haematobium 
can be stenhzed by doses which are tolerated by 
the great majonty of persons (The expense of 
manufacture may, however, be a handicap to wide- 
spread use ) 

The effect on S mansoni is not clearly mdicated 
by the cases treated to date m S Rhodesia In the 
' first senes of patients, 1 1 out of 40 cases of haema- 
tobium mfechons were cured, but only 1 out of 
11 cases of mansoni infections In the second 
senes, patient 3 had a double mfechon, neither 
of which responded In the third senes, patient 28 
had a double mfection , haematobium ova dis- 
appeared temporanly from the excreta, but 
mansoni ova were found at all examinations 
(figures incomplete) There is a suggestion that 
5 mansoni responds less readily than S haema- 
tobium 

Further judgment about the value of miracil must 
be withheld until greater expenence has defined 
more accurately the maximum tolerated dose, has 
shown whether dangerous idiosyncrasies exist, and 
has enabled the therapeutic effect of large doses to 
be compared accurately with that of antimonials 
In any case, miracil is of great scientific importance 


as showing antischistosome action m a new senes 
of organic compounds, and it has the practical 
advantage of bemg effective when given by mouth, 
A safe drug which could be given oraUy for the 
treatment of schistosomiasis would be of very 
great value m Africa It could be given m villages 
to out-patients, and admimstration could be left to 
non-skilled hands If the effectiveness and safety 
of miracil are confirmed by wider expenence, vil- 
lage treatment of schistosomiasis free from the 
thraldom of an intravenous ntual will at last 
become a practical possibility 

Summary 

1 Miracd D (l-methyl-4-^-diethylammoethyl- 
aminothioxanthone hydrochlonde) is a new syn- 
thetic remedy for sclustosomiasis It is given by 
mouth 

2 Forty young persons mfected with S haema- 
tobium were treated with total doses of approxi- 
mately 80-100 mg per kg durmg penods of 
approximately three weeks, mostly as daily doses 
of 0,2 g per person (4 mg per kg ) Twelve weeks 
later eleven of them were free from mfection 
Eleven infections with S mansoni (mostly the same 
patients as those with S haematobium) were suni- 
larly treated , one of them became free from 
infection 

3 Thirteen boys infected with S haematobium 
were treated with doses rangmg from 35 to 150 mg. 
per kg durmg fifteen days, given (irregularly) as 
daily doses of 0 6 g per person Three weeks 
after treatment ten out of thirteen no longer passed 
hvmg ova Four months later four of the boys 
appeared permanently cured 

4 Eighteen school-children mfected with S 
haematobium were given total doses of about 
90-100 mg per kg durmg ten days, mostly as 
dafly doses of 0 5-0 7 g per person (about 10 mg. 
per kg) Six weeks later fourteen out of sixteen 
no longer passed hvmg ova , fifteen weeks later 
twelve out of eighteen appeared to be permanently 
cured Fifteen other patients (many adults) were 
given amounts up to 1 6 g daily 

5 In most patients the compound was well 
tolerated Symptoms of toxicity consisted mostly 
of abdommal pam, nausea, and vomitmg They 
were not directly related to the size of the dose and 
seemed to depend at least parhaUy on idiosyncrasy 
of the mdividual patient ‘ 

6 Miracil D appears to exert a valuable thera- 
peutic effect on infections of S haematobium m 
doses which are well tolerated by most patients 
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The dose should be at least 10 mg per kg per 
day The effect of maximum tolerated doses on 
infections of S mansoni is not yet known 

7 Three single patients were treated with miracil 
A, B, and C respectively m total doses of 1 5-1 8 g 
durmg two weeks No toxic or therapeutic effects 
were observed at this dosage, which is probably 
much less than the tolerated one 

8 In patients takmg about 3 mg miracil D per 
kg daily, the blood concentfation at 2^ hours after 
the dose was 0 3 to 0 8 mg per 100 ml In patients 
taking miracil A and miracil B, the blood concen- 
trations were similar to (or lower than) those takmg 
miraal D In a patient given miracil C, the com- 
pound could not be detected in the blood 

Grateful acknowledgments are due to Dr R M 
Moms, medical director. Southern Rhodesia, for access 
to clinical material and laboratory facilities, to the 
pnncipals of the schools mvolved for their kmd co- 


operation, and to Drs Mauss, W Kikuth, and R 
Gbnnert for information and matenal 
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ANTIMALARIAL COMPOUNDS AS ANTAGONISTS 

OF ADENOSINE 

BY 

J MADINA VEITIA AND J RAVENT(5s 

From the Biological and Research Laboratories, Imperial Chemical Industries, Ltd , 
Hexagon House, Blackley, Manchester, 9 

(Received September 23 1948) 


The possible antagonism of the action of adeno- 
sme on some tissues by antunalarial drugs has been 
studied with the object of obtammg some mforma- 
tion on the mode of achon of this type of drug 

Methods 

Antagonism of adenosine 

The following techniques were used in these experi- 
ments — 

(1) The isolated hen’s caecum — ^The action of adeno- 
sine on this tissue (Barsoum and Gaddum, 1935) was 
studied before and after the addition to the bath of 
known concentrations of antimalanals Although it was 
possible to demonstrate- an antagomsra between these 
compounds and adenosme by this method, satisfactory 
results were not obtained because of theintense relaxation 
of the caecum produced by the antunalarial substances 
themselves 

(2) The measurement of the duration of the aunculo- 
ventricular (a v ) block produced by mtravenous admmi- 
stration of adenosme m the anaesthetized gumea-pig 
(Drury and Szent-Gyorgyi, 1929) The gumea-pig’s 
heart is not so sensitive to adenosme as the hen’s caecum 
but this method has the advantage that the antunalanals 
do not alter the electrocardiogram (e c g ) in sub-toxic 
doses 

Three senes of experiments were earned out with this 
technique 

(a) In the first senes, hereafter called “ acute,” the 
compounds under test were administered by slow 
mtravenous mjection Guinea-pigs of 250-400 g body- 
weight were anaesthetized with pentobarbitone (nem- 
butal), given mtrapentoneally A cannula was inserted 
into one of the jugular veins and the animals mamtamed 
under artificial respuation durmg the experiments by 
means of a Palmer’s Starlmg Umversal pump for small 
animals, 1 10-^ or 1 10~’ adenosme m normal salme 
was a'dministered mtravenously by the jugular vein 
cannula, never more than 1 c c of adenosme solution 
bemg injected Electrocardiograms were taken, lead n, 
immediately after the admmistration of adenosme by 


means of a Cossor electrocardiograph modified for fast 
heart rates 

In each experiment a senes of doses of adenosme from 
0 1 to 0 3 mg /kg was first admmistered m order to - 
produce varying degrees of a v block The cannula was 
then washed with the solution of antunalanal and the 
drug slowly mfused by means of a motor-driven synnge 
which delivered the solution at the rate of 0 02 ml /mm 
This infusion was mamtamed for 30 mm after which 
the cannula was washed with adenosme solution and a 
second senes of adenosme mjections was admmistered 
m doses large enough to produce measurable heart 
blocks 

The dose of antunalarial was calculated in mg /kg /mm 
and adjusted by varymg the concentration according to 
the body-weight of each animal At least 3 gumea-pigs 
were us^ for each dose level of antunalanal 

This senes was used mainly for the selection of chemical 
types able to antagonize the action of adenosme 

(6) In the second senes the compounds were admm- 
istered orally m a dosage regime sunilar to that used by 
Davey (194Q for the assessment of antunalanal activity 
against P gallinaceum m chicks 

Batches, usually of 6 gumea-pigs each, were used for 
each dose level of every compound tested The animals 
received two doses daily for 31 days, a total of 7 doses 
The drugs were admmistered in solution m water, or in 
find suspensions when insoluble, by means of a stomach 
tube After the 7th dose, the guinea-pigs were anaesthe- 
tized with pentobarbitorie and a senes of adenosme 
injections was admmistered as descnTied above ' 

These experiments will be referred to as ” chronic ” 
later on 

(c) Some experiments were earned out with heart-lung 
preparations of gumea-pigs The method was essentially 
that desenbed by Cnuckshank (1945) for the rat, 25 ml 
of heparinized gumea-pig’s blood were used m the 
apparatus The elastic peripheral resistance was adjusted 
to give a pressure of 80-100 mm Hg m the aortic 
cannula, e c g records were taken with leads placed in 
the superior vena cava and m the apex of the heart 
Adenosme was injected mto the venous cannula of the 
preparation 


F 
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Assessment of the adenosine action and of the antagonistic 
action of antlmalarials 

The action of adenosine m normal and treated guinea- 
pigs was assessed by the duration of the a v block as 
recorded in the electrocardiograms obtained durmg 
experiments The duration of this action was measured 
as the time which elapsed between the first and last P 
wave not followed by a ventncular complex No attempt 
was made to measure the duration of these effects by the 
inspection of the duration of the P-R mtervals From 
these results, the doses of adenosme which would have 
produced a v blocks of 5 seconds’ duration were cal- 
culated by graphical methods 
An attempt to compare the mtensity of the adenosme 
antagomsm shown by the substances under test was made 
by calculatmg the doses of antagonists which would 
reduce the sensitivity of the gumea-pigs to adenosme to 
one-half of the normal (see Tables U and IH) 

The results so obtained were only semi-quantitative 
and can only be taken as a rough measurement of the 
mtensity of the antagonism 

Antimalarial activity 

The data on the antimalanal activity of the drugs used 
in this work was obtained m our laboratones by Dr D G 
Davey usmg chicks infected with Plasmodium gallinaceum 
(Davey, 194 j) Most of these results have already been 
pubhshed m the papers dealmg with the synthesis of the 
compounds m question 

Materials 

The substances used m this work can be classified m 
the groups mdicated m Table I In this Table the chemi- 
cal constitution and the tnvial name or code number of 
each compound is given In the text these numbers and 
names will be used m preference to the full chemical 
names In each group substances have been selected 
with as low and as high antimalanal action as possible 
Most of the substances used m our work were prepared 
m these laboratones (Curd and Rose, 1946a, Curd, 
Davies and Rose, 1946 , Curd, Davies, Owen, Rose, and 
Tuey, 1946 Curd, Richardson, and Rose, 1946 , Curd 
and Rose, 1946b , Basford, Curd, and Rose, 1946 , Curd 
and "Rose, 1946c, Curd and Dandquist, 1948, Curd, 
Landquist, and Rose, 1947) Others were obtamed from 
Professor A R Todd (Hull, Lovell, Openshaw, Payman, 
.and Todd, 1946, Hull, Lovell, Openshaw, and Todd 
1947) Qumidme and hydroqumidme were a gift of 
Messrs Amsterdamshe Chminefabnek, Amsterdam 
The adenosme used was purchased from Messrs Bntish 
Drug Houses, Ltd 


Results 

(7) Antagonism in the hen’s caecum 
This antagonism was studied by measurmg the 
relaxation of this tissue produced by known con- 
centrations of adenosine in normal Tyrode’s solu- 
tion and in Tyrode’s solution containing known 
quantiUes of antimalanal 


Mepaerme usually had practically no visible 
effect on the caecum m concentrations of 1 lO"’ 
to 1 lO-®, but it decreased the action of adenosine 
in this concentration range Higher concentrations 
caused an mtense relaxation of the caecum and 
at the same time reduced still further the action of 


TABLE I 

CHEMICAL COMPOSITION OF SOME OF THE ANTI 
MALARIAL AND RELATED COMPOUNDS USED 

Qumolmes 5 4 



Name or 
code number 


Substituents 

Pamaqum 

6 

OCH, 


8 

NH CH(ai,)(CHJ,N(C,H^, 

Chloroqume 

- 4 

NH CH(CH,)(CHJ3N(C,H,), 


7 

Cl 

5735 

2 and 3 

CHj 


4 

NH CH(CH^(CH^,N(C,H,). 


7 

Cl 

3738 

2 

OH 


4 

NH(CHs),N(C,H,)! 


7 

Cl 


NH NH 

Cl< ^^ ^ NH--<!!:---NH--(!i-N<^^' 


Name or 
code number 

Paludrme 

4430 

5093 

Ri 

CH(CH,), 

CH(CH,), 

CH, 

R. 

H 

CH, 

H 


Arylguamdmopynmidmes 

NH fTT 

II JvJ '-”3 

Snh— c— nh/ 


Code number 

3349 

3749 

3742 

R 

Cl 

a 

CH,0 

n 

2 j 

3 

2 
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Andmopyrimidines 



Code 

Substituents 

number 

2 

4 

5 

/ 

6 

2666 

(p)Cl QH,NH 

CH, 


NH(CHa)aN(QHj)e 

3300 

(p)a C,H 4 NH 

CH, 


NH CHfCHjXCHOaNfQH*), 

4070 

CH 3 

(p)Cl QH 4 NH 


NH(CH,) 2 N(QHs). 

3756 

(p)Cl C,H 4 NH 

— CH = CH — CH = CH — 

NH(CH,),N(C,Hs), 

4316 


CH, 1 


(p)Cl CeH^NH 


Pyrunidines 






adenosine Fig 1 summarizes the results of one of 
these experiments 

Similar results were obtamed with qumine, 3349, 
and 2666, but the mtense relaxation of the caecum 
produced by each of these antimalanals made the 
assessment of the antagomsm somewhat difficult 
For this reason this method was abandoned after 
a few tnals with different antimalanal drugs 

(2) Antagonism between adenosine and 
antifnalarials on guinea-pig’s heart 

The duration of the a v block produced by the 
intravenous admmistration of adenosine is propor- 
tional to the dose The minimum effective dose 
of adenosine, m guinea-pigs anaesthetized with 
pentobarbitone, was 0 1 mg /kg , and this generally 
produced a block of short duration dunng which 
one or two independent P waves were recorded 
The average duration of this block- m a series of 
40 gumea-pigs was found to be 0 67 sec Blocks 
of 10-15 sec duration were generally obtained 
with 0 3 mg /kg of adenosine The mean dura- 



icy CONC AOENC^INE 

Fig 1 — Influence of mepacnne HCl on the response of 
the hen’s caecum to adenosine Abscissae — log 
concentration of adenosme Ordinates — relaxation 
of caecum in millimetres A — normal Blmger B— in 
mepacnne 10 ’ C — in mepacnne 10 f D— in 

mepacnne 10 ® ® 

tions of the blocks produced in this control senes 
with doses of adenosine from 01 to 0 3 mg /kg 
are given in Table III 
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TABLE n 

MINIMAI, DOSES WHICH ANTAGONI2X THE ACTION OF 
ADENOSINE IN ACUTE EXPERIMENTS 


Drug 

Minimum 

antagonistic 

dose 

mg /kg /mm 

Dose which 
halves sensitivity 
to adenosme 
! mg /kg /mm 

Qumme HCl 

0 75 

08 

Mepacrme HCl 

025 

0 35 

Pamaqum HCl 

too toxic at 0 25 


Chloroqume 



H,PO, 

0.25 

0 45 

Paludnne lactate 

1 25 

1 25 

3349 

3 0(?) 

3 0(?) 

2666 

06 

09 

Procame 

Inactive at 2 0 


Suramm 

,, at 5 0 


Methylene blue 

„ at 2 0 


Trypan blue 

„ at 2 0 


Trypan red 

„ at 2 0 


Sulphadimethyl- 



pynrmdme 

,, at 8 5 



A Acute ” experiments 

Table II gi\es the minim um antagomstic doses 
of the compounds tested m this senes and the doses 
which reduce the action of adenosine to one-half 


Mepacrme ' 

The duration of the blocks produced by 
adenosine after the continuous administration of 



Fig 2 — Acute antagonism between adenosme and 
mepacrme m the gumea-pig Duration of the a v 
block produced by adenosme m gumea-pig after a 
continuous injection of mepaenne HCl for 30 min 
Abscissae — log dose of adenosine m mg /kg 
Ordinates-duration of block m seconds A — before 
administration of mepaenne B — after 0 25 mg /kg / 
mm mepacrme C--^er 0 35 mg /kg /nun mepa- 
crme D — after 0 5 mg /kg /mm mepacrme 


0 1 mg /kg /mm mepaenne for 30 min did not 
differ significantly from that obtained before the 
anhmalanal had been given An appreciable 

1 eduction of the duration of the action of 
adenosine was observed after the admmistration 
of 0 25 mg /kg /mm mepacrme The decrease in 
the effects of adenosme was more marked after 
0 35 and 0 5 mg /kg /mm of antimalanal had been 
given Fig 2 shows these results 

This antagonism, however, is reversible When 
the response to adenosme was exammed at different 
times after the end of the infusion of mepacrme, it 
was found that the duration' of the block became 
progressively longer, and m 90 mm the adenosme 
effects were about the same as those of the control 
senes (Fig 3) 



contmuous injection of mepaenne HQ of 0 5 mg / 
kg /nun for 30 min Abscissae-dose of adenosine 
as log mg /kg Ordmates-duratlon of block in 
seconds A (dots) — before mepacrme E — imme- 
diately after mepacrme D — 15 min after mepa 
crine C — 30 mm after mepaenne B — 60 mm 
after mepacrme A (circles)-— 90 mm after mepa 
enne 

Pamaquin 

It was impossible to study the action of pama- 
qum by this method because of its high toxicity 
Doses as small as 0^5 mg /kg /mm of pamaqum 
HCl were too toxic and caused bradycardia and 
nght predominance in- the e c g Larger doses of 
pamaquin HCl killed the gumea-pigs before the 
end of the-mfusion penod 

Chlorogume - 

Chloroquine is less toxic than pamaqum Doses 
from 0 25 to 1 mg /kg. /min were admmistered 
wthout causing undue alterations of the e c g The 
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minimum doses of chloroqume that antagonize 
the action of adenosine are of the order of 

0 25 mg /kg I nan 

Quinine 

Quimne was mactive when administered in doses 
of 0 5 mg /kg /min A good reduction in the 
duration of the a v block produced by adenosine 
was observed after doses of 0 75 mg /kg /mm 
had been mfused 

Paludnne 

Paludnne was found to be active m doses from 

1 0 mg /kg /min and the adenosme antagonism 
was very marked with 2 mg /kg /mm In some 
of these expenments the paludnne concentration 
of the blood was as high as 7 to 9 mg /I 

3349 

3349 was found to be even less active than 
paludnne m antagonizmg the effects of adenosine 
m this “ acute ” series Doses of 2 mg /kg /rmn 
were not antagonistic , doses ol 3 mg /kg /min 
showed a clear antagonism but were too toxic to 
the heart The e c g tracing showed cardiac irregu- 
lanties and bradycardia, which made it impossible 
to assess the intensity of the antagomsm 

2666 

The antagonism to adenosme with this com- 
pound was more intense than with paludnne or 
3349 but less than with qumine, mepacnne, or 
chloroqume Doses of 1 mg /kg /mm of 2666 
were strongly antagonistic, whereas 0 5 mg /kg 
had no action on the adenosine effects 

Substances without adenosine antagonism 

A selection of substances, some of them without 
antimalarial activity, were tested by this method 
Procaine, suramin, methylene blue, trypan red, 
trypan blue, and sulphadimethylpynmidme were 
tested , none of these antagonized the adenosine 
effects 

B " Chronic ” expenments 

The adenosine antagonism shown by anti- 
malanals of different types was studied in more 
detail in this senes of experiments Details of these 
expenments are given m Table III, which also 
gives the doses of antagonists which halve the 
sensitivity of the animals to adenosme 

Acridine denvatives mepacnne 

The heart blocks produced by adenosine m 
guinea-pigs that had received seven doses of 


mepacnne in 3^ days were shorter than those 
obtamed in normal guinea-pigs 
The minimum dose of mepacrme which showed 
this effect was 2x5 mg /kg daily Larger reduc- 
tions in the duration of the adenosme effects were 
observed when the dose of mepacnne was 
increased from 5 to 40 mg. /kg twice daily With 
the last-mentioned dose, the minimum effective 
dose of adenosme was 0 3 mg /kg , which pro- 
duced the same effect as 0 1 mg /kg m normal 
guinea-pigs Details of the results of these expen- 
ments are shown in Table Etl and Fig 4 



Fig 4 — “Chronic” antagonism between adenosine and 
mepacnne HCl in gumea-pigs Duration of the a v 
block produced by adenosine in guinea-pigs treated 
by mouth with different doses of mepacnne 
Abscissae-dose adenosine as log mg /kg Ordmates- 
duration of block m seconds A — controls B — 

mepacnne HCl, 2x5 mg /kg /day C — ^mepacnne, 
2 X 10 mg /kg /day D— mepacnne, 2 x 20 

mg /kg /day E — mepacnne, 2 x 50 mg /kg /day 

Quinoline denvatives 

Pamaqum given by mouth as the methylene bis- 
/3-hydroxynaphthoic acid salt was tolerated by 
gumea-pigs in doses up to 20 mg /kg twice a day 
for 3^ days A reduction of the duration of the 
adenosme block was obtamed m guinea-pigs after 
treatment for 3^ days with 2 x 10 mg /kg pama- 
qum salt, equivalent to 6 25 mg /kg base 
Chloroqume diphosphate was antagonistic to 
adenosine m doses of from 2x5 mg /kg /day The 
low toxicity of this substance allowed the investi- 
gation of Its antagonism m a range of doses from 
5 to 50 mg /kg twice daily Doses of adenosine 
that produced blocks of 5 sec duration in guinea- 
pigs treated with pamaqum or chloroqume did 
not show any significant difference between the 
mtensities of the antagonism produced by these 
two substances 
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The antagonism to adenosine shown by some 
denvatives of chloroqume such as 5735 and 3738 
was weaker than that of the parent compound The 
order of mtensity of the antagonism shown by 
these substances was practically parallel to that 
of their antimalanal activity Chloroqume and 
pamaquin, both of which have high antimalanal 
activity, antagonize adenosme better than 5735, 
which has low antimalanal activity 3738, which 
has hardly any antimalanal action, did not modify 
the action of adenosme 

Cinchona alkaloids 

The cinchona alkaloids studied m this senes 
were quinine, qumidine, and hydroqumidme In the 
experiments with qumme it was observed that the 
antagonism to adenosine was marked m gumea- 
pigs for 2 hours after the last dose of alkaloijl, 
but m experunents earned out later than that 
adenosme produced blocks of about the same 
duration as m the controls As it is known that 
quinine is metabolized m the body fairly quickly, 
it was thought that these differences m the results 
were due to the rapid disappearance of the drug 
from the blood For this reason the dosage 
schedule for cmchona alkaloids was modified in 
the following way The six guinea-pigs used for 
each dose level received their seventh dose of drug 
at the usual tune, about 9 30 ajn , and three of 
them were used before 12 noon The remammg 
three received an eighth dose at about 1 30 p m 
and were used immediately after With this modi- 
fication of the dosage regime the results for both 
groups were about the same 

Qumme and quimdine were adenosme antagon- 
ists m guinea-pigs when doses larger than 50 mg / 
kg were admmistered twice dady The intensities 
of the antagonism to adenosme produced by these 
two alkaloids were practically the same, and it is 
interesting to note that both are equally active 
against expenmental malana 

Hydroqumidme, which as an antimalanal is 
about half as active as qumme, produced a milder 
action than the latter 

N^-phenyl-N^-alkylbiguanides 

In the series of drugs of the paludnne type we 
selected one drug without antimalanal activity 
(5093), and compared it to 4430 and paludnne 
itself (4888) The inactive compound was found 
not to antagonize the action of adenosme even m 
the maximum tolerated doses 

Paludnne antagonized adenosme when doses 
from 2 X 10 mg /kg /day were administered to 
guinea-pigs Unfortunately it was not possible to 


increase the dose beyond 2 x 20 mg /kg /day , all 
guinea-pigs treated with this dose survived this 
treatment for 4-5 days, but although a small 
mcrease of the dose to 2 x 30 mg /kg /day did 
not kill any ammal durmg the first 1^-2 days it 
iiroduced a 100 per cent mortaUty if the treatment 
was maintained for a longer time ' This high 
toxicity of paludrme, when given repeatedly to 
guinea-pigs, contrasts with its moderately low 
toxicity when given m smgle doses Similar results 
have been found by Butler, Davey, and Spinks 
(1947) in other laboratory ammals, and it is prob- 
able that they are due to the formation and 
accumulation of some highly toxic metabohte of 
paludnne durmg the period of repeated admin- 
istration 

The mmunum dose of 4430 which antagonized 
the action of adenosine was 2 x 30 mg /kg /day 
This drug has a lower antuhalanal activity than 
paludnne and at the same time it is a weaker 
antagomsL 

Arylguanidinopynmidmes (Curd and Rose, 1946a) 

A similar gradation''of antagomstic activity was 
found among the substances of this type, and their 
antagomstic activity ran parallel to ^eir anti- 
malanal action 3349 has an antimalanal activity 
and a capaaty to antagonize adenosme similar to 
those of paludrme ^672 is a weaker antagonist 
and a weaker antimalanal, and finally 3742, which 
has no action on malanal parasites, does not 
antagonize adenosme 

Anilinopynmidmes (CUrd and Rose, 1946b , Curd, 
Davies, and Rose, 1946 , Curd, Davies, Owen, 
Rose, and Tuey, 1946 , Curd, Richardson, and 
Rose, 1946) 

The prototype of this group of substances (2666) 
was the first substance synthesized by Curd and 
Rose that showed antimalanal activity m chicks 
The results of its clmical tnals were disappomtmg, 
and accordmg to Adams it is not active m human 
malana (quoted by Curd, Davey, and Rose, 1945) 

This group of substances was the only one in 
which It was impossible to find any relation 
between antimalanal activity and adenosme 
antagonism Two members of the group, 3300 
and 4070, are devoid of antimalanal activity but 
they were, nevertheless, good antagonists of adeno- 
sme 2666 itself is a substance with a fairly good 
antimalanal activity, but it inhibited the action of 
adenosme more intensely than 4316, which is a 
better antimalanal On the other hand 3756, which 
IS machve agamst expenmental malana, did not 
show any appreciable antagomsm to adenosine 
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Alkylpynmtdines (Hull, Lovell, Opensliaw, Pay- 
man, and Todd, 1946 , Hull, Lovell, Open- 
shaw, and Todd, 1947) 

Because only small samples of these compounds 
were available, they were not tested m a full range 
of doses For this reason it was neither possible 
to study the relative order of the mtensities of then- 
antagonisms nor to compare these -with their anti- 
malanal achvifies All of them were tested at 
2 X 50 mg /kg /day, which as a rule with most 
antimalanals produced a measurable antagomsm 
Tt IS mterestmg to note that compounds 4747 and 
4746, which are mactive against P galhnaceum, did 
not antagonize the action of adenosme under the 
coffditions of the test Under the same conditions, 
aU the other compounds tested m this senes pro- 
duced a clear antagonism The details of the 
results of these experiments are reproduced m 
Table EH 

Relation between antimalarial activity on chicks 
and adenosme antagonism 

As already stated above, withm all groups of 
substances, except the 2666 type, there is a parallel- 
ism between their antimalanal activity and then- 
power to antagonize adenosme, as expressed by 
the dose which halves the sensitivity of the ammals 
to this substance In comparing the effects of the 
substances selected as prototypes for each group 
it was found that mepacnne was one of the best 
antagonists of adenosme, in spite of the fact that 
It is one of the weakest antunalanals in chicks 
Among the other substances, however, the best 
antimalanals are among the best antagonists, and 
substances with low antimalanal activity are among 


TABLE IV 


Adenosme antagonism 

Antimalanal 

“Acute” 1 

“Chrome” ] 

activity 

Mepacnne 

I Pamaqum 

Pamaqum 

Cfaloroqume 

Cfaloroqume 

Cfaloroqume 

Quinme 

Mepacnne 

Paludnne 

2666 

Paludnne 

3349 

Paludnne 

3349 

Mepacnne 

3349 

Qumme 

2666 

Qumme 

2666 


those which antagonize adenosine feebly Table IV 
gives the orders of antimalanal activity and inten- 
sity of the antagomsm shown by these substances 
in the “ acute ” and “ chronic ” experiments 


C Antagomsm in the heart-lung preparation 

In the expenments reported above it was found 
that paludnne antagonized adenosme m both 
“ acute ” and “ chronic ” expenments When the 
mtensity of its “chrome” antagonism was com- 
pared with that of other prototype substances it 
was found that the order of mtensity of their 
antagomsm was about the same as that of their 
antimalanal activity However, in the “ acute ” 
series this parallelism was not mamtamed and 
under these conditions paludrme was found among 
the worst antagonists (Table IV) 

Another fact noted was the delayed toxic effect 
of paludrme when administered repeatedly A 
likely explanation of this toxic action may be the 
production and accumulation of some toxic meta- 
bohte dunng the prolonged admmistration of 
paludnne 

It IS also possible that the difference in the results 
obtamed with paludnne m the “ chrome ” and 
“ acute ” expenments may be due, not to the drug 
antagomzmg adenosme by itself, but to its being 
converted dunng the dosmg penod into a meta- 
bohte which does antagonize adenosme Even 
when the paludnne content of the blood was as high 
as 7-9 mg /I m the “ acute ” expenments, the 
antagomsm was not mtense, but dunng the bnef 
penod of slow admmistration of the drug only a 
small proportion of the mjected matenal could 
have been metabolized into the hypothetical active 
substance 

The possibility of such a metabohte bemg formed 
was mvestigated m the heart-lung preparation of 
the gumea-pig m the followmg way e c g records 
of the action of several small doses of adenosme 
(from 25 pg ) were taken before and after the addi- 
tion of paludrme to the blood of the preparation 
The blood was then replaced by the same volume 
of fresh normal blood, which was left to circulate 
for 15 mm , this “washing out” of the drug was 
repeated and finally the blood was replaced by 
blood from gumea-pigs which had been treated 
orally -with 2 x 20 mg /kg of paludrme for 3^ 
days This last change of blood was repeated and 
25 mL of blood from paludnne-treated guinea-pigs 
were agam put m the venous reservoir A further 
senes of adenosme doses was mjected 15 mm after 
the last change of blood 

With normal blood in the preparation the injec- 
tion of about 25 pg adenosine into the venous 
caimula produced blocks of about 5 sec duration 
The addition of paludnne to the blood of the 
preparation caused no reduction m the duration 
of the effects of adenosme, but a significant reduc- 
tion of these effects was observed when the blood 
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of paludnae-treated guinea-pigs circulated m the 
preparation 

The concentration of paludnne in the blood of 
the treated gumea-pigs and that in the blood to 
which paludnne had been added was estimated by 
the method of Spinks and Tottey (1946) In some 
expenments, such as that reproduced m Table V, 
the concentration m the blood of the treated 
animals was smaller than that in the blood to 
which paludnne had been added, but nevertheless 
the blocks produced by the same doses of adeno- 
sine were shorter when the blood of paludnne- 
treated animals circulated in the preparation 


TABLE V 

ANTAGONISM TO ADENOSINE BY ANTIMALARIALS IN 
heart-lung PREPARATIONS OF GUINEA-PIGS 


Expt 

No 

Blood (25 ml ) 
and drug 

Duration of a V block 
m secs with doses 
of adenosme, in /xg 



25 

35 

50 

100 

2 

Normal blood 

Ditto and mepacnne HCl 

1 4 

— 

94 

_ 


0 02 mg 

Normal blood (after 3 

00 

— 

68 

— 


changes) 

Ditto and mepacnne 

34 

— 

11 9 

— 


HCl 0 2 mg 

00 

1 

SO 

1L3 

13 ^ 

Normal blood 

Ditto and quinme HCl 

34 

— 

12 8 

— 


0 05 mg 

Ditto and quinme HCl 

3 6 1 


12 6 

— 


0 5 mg 

Normal blood (after 3 

00 

— 

— 

00 


changes) 

00 


84 

14 0 

4 

Normal blood 

Ditto and paludnne 

00 

6^; 

11 3 

1 

— 


(1 027 mg n ) 

Blood of paludrme- 
treated guinea-pigs 
(cone 0 82 mg /I ) (after 
2 changes with blood 
of paludnne - treated 


68 ! 

1 

10 2 



gumea-pigs) 


29 

5 6 



These results were compared with those obtained 
when mepacnne or quinme was added to the blood 
of the preparation 

The duration of the heart block produced by 
adenosine was reduced when mepacnne was added 
to the blood in concentrations of 80 /xg / 100 ml 
This antagonism \ras observable so long as blood 
containing mepacnne circulated in the preparation 
^Vhen the drug was “ washed out " by two or three 
changes of blood the duration of the action of 


adenosme returned to normal values - Smiilar 
results were obtained with qumine in concentra- 
tions of the order of 2 mg / 100 ml Table V gives 
the results of some of these expenments 


Discussion 

The antimalarial action of a number of chemical 
substances has been compared with their power 
to antagonize the responses of some mammalian 
tissues to adenosme In most of the senes of com- 
pounds tested a correlation has been observed 
between the inhibition of responses to adenosme 
and the antimalanal activity This may mean that 
antimalanal action m some way mvolves mter- 
ference of the drug with a process, essential to the 
parasite, m which adenosme or a denvative thereof 
IS concerned 

No idea as to the nature of this hypothetical 
process can be gathered from the experiments 
reported here It is unlikely that the processes 
m mono-cellular plasmodia m which adenosine or 
Its denvatives are concerned can be closely related 
to the processes which we have been studymg in 
mammahan tissues 

This study of the antagonism of the action of 
adenosme m some tissues by antunalarial drugs 
was undertaken because adenosme forms part of 
coenrymes, such as, for mstance, flavme adenme 
dinucleotide It was already known (Madinaveitia, 
1946) that the antibacterial action of some anti 
malanal compounds on Lactobacillus casei was 
antagonized by nboflavine It has been suggested 
that this effect is due to the similarity of the spatial 
configuration of these drugs to that of the vitamm 
(Curd, Davey, and Rose, 1945) This structural 
resemblance has also been claimed to be connected 
with the parasiticidal activity of these drugs (Curd 
and Rose, 1946a) 

On the other hand the alternative hypothesis 
that an interference with an adenosme-containing 
enzyme system might result m antimalanal activity 
has led to the preparation of successful anti- 
malarial compounds (Hull et al , 1946, 1947) A 
biochemical relationship between adenosme denva- 
tives and hntimalarials may be found in the 
observation (Hellerman, Bovamick, and Potter, 
1946) that adenyhc acid and adenosine tnphosphate 
prevent the 'inhibition which mepacnne causes m 
the recovery of oxygen uptake by washed Plos- 
modium lophurae in th^ presence of glucose The 
fact that some enzymes contam both adenosine 
and nboflavme makes both points of view on 
the mode of action of antimalanal substances 
compatible 
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It IS unlikely that L casei uses nboflavme as 
such m Its metabohc processes It is more prob- 
able that the micro-organism builds up some 
coenzyme from the free nboflavme present m 
the medium, possibly by combimng it through a 
polyphosphate group with adenosme It is con- 
ceivable that the antagonistic effect of nboflavme 
m L casei assays is not due to the vitamm itself, 
but to an adenosme-contaimng coenzyme mto 
which the free nboflavme is incorporated The 
prosthetic group of rf-ammo-acid oxidase is such a 
flavine aderune dmucleotide (Corran, Green, and 
Straub, 1939) and is known to antagonize the 
inhibitory action of mepacnne on the enzymatic 
deamination of d-amino-acids (Wright and Sabine, 
1944) 

On the other hand it has been shown (Haas, 
1944) that mepacnne also mhibits cytochrome 
reductase by an irreversible reaction with the pro- 
tem , here the drug has been shown to compete 
with the prosthetic group of the enzyme, because 
its action IS prevented by the addition of aUoxazme 
mononucleotide In this coenzyme nboflavme is 
not combmed with adenosme 

All the antimalanal drugs which we have tested 
have been found to antagonize the particular 
actions of adenosme which we have chosen to 
study From the circumstantial evidence already 
available and that now presented it appears that 
some relationship exists between the ability of 
chemical compounds to mterfere with biological 
processes m which adenosme is concerned and 
their antimalanal action 

In spite of the fact that the results of the experi- 
ments reported above were only semi-quantitative, 
It was found (a) that antimalanal drugs have 
another action m common — i e , they antagonize 
adenosme, and (6) that the intensity of this 
antagomsm is proportional to their antimalanal 
action as measured m chicks infected with 
P gallinacewn 

The relation of the two activities is best seen 
when the results obtained with a senes of homo- 
logues are compared The only exceptions to this 
rule were the amlinopynmidmes of the 2666 type 
among which no relation between antimalanal 
activity and adenosme antagomsm could be found 
It IS noteworthy that although 2666 was found to 
be active m the chick test, the drug was tned clmi- 
cally with negative results by Dr A R D Adams, 
' of the School of Tropical Medicine of Liverpool 
(cited by Curd, Davey, and Rose, 1945) How- 
ever, as the chick test is only an mdication of 
possible antimalanal activity m man, and as there 
is an unpredictable vanability m the susceptibility’ 


of vanous species of plasmodia to the same drug 
(Davey, 1946), it is more than probable that the 
-agreements and disagreements shown in Tables III 
and rv would have been different if another 
measurement of activity had been chosen 

In comparmg the plasmodicidal activity of the 
prototype of each group of substances with the 
intensity of their adenosme antagomsm m the 
“ chronic ” series, it was found that mepacnne was 
the best antagomst, although it is not one of the 
more powerful antimalanals in the chick test There 
IS, however, a fairly close parallehsm between the 
antagonism and the activity of the other substances 

This relationship is not so close m the “ acute ’ 
experiments The most important exception was 
paludnne in the “ chronic ” senes it was found 
among the moi;e intense and in the “ acute ” senes 
among the weaker antagomsts The difference m 
the results of the two senes could be explamed 
by the assumption that m the “ chrome ” expen- 
ments a metabohte with antagonistic action was 
formed from paludnoe dunng the period of its 
administration 

At the end of the 30 min penod of continuous 
infusion m the “ acute ” experiments, the paludnne 
concentration m the blood was sometimes as high 
- as 9 mg /I 7n spite of the fact that such high 
drug concentrations could be obtained only a shght 
antagomsm could be demonstrated It seems likely 
that durmg the infusion penod only a small pro- 
portion of the drug was metabolized mto the hypo- 
thetical substance responsible for the antagomsm 

It has also been suggested that paludnne itself 
does not possess plasmodicidal action when exam- 
med by a tissue culture method (Hawkmg, 1947 , 
Hawking and Perry, 1 948), but the serum of animals 
which have been treated with paludnne has a high 
plasmodicidal activity , from these results Hawkmg 
has deduced that the antimalanal activity of palu- 
dnne IS not 'due to the drug itself but to some 
metabolite 

The formation of metabohtes with biological 
actions m the gumea-pig different from those of 
paludnne has been demonstrated m the heart- 
lung expenments In these preparations the addi- 
tion of small amounts of mepacnne and quimne 
to the blood reduced the duration of the block 
produced when adenosme was injected mto the 
venous cannula If similar amounts of paludnne 
were added to the blood there was no reduction 
of the effects of adenosme, but substantial decrease 
of these effects was observed when, blood from 
paludnne-treated gumea-pigs, possibly contammg 
metabolites of the drug, circulated m the prepara- 
tion (Table V) 
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This result cannot be explained by differences in 
the paludrme content of the blood from the treated 
gumea-pigs and that of the blood to which palu' 
dime had been added In some experiments these 
concentrations as measured by the method of 
Spinks and Tottey were the same for all practical 
purposes (This method consists in the acid hydro- 
lysis of the base, after its extraction with benzene, to 
p-chloroaniline and subsequent diazotization and 
coupling of the latter It does not give any mdica- 
tion of the possible in vivo changes imdergone 
in the side cham of paludrme, provided that they 
do not alter the solubihties and rate of hydrolysis 
to any great extent How alterations m the 
benzene rmg would affect these results is difficult 
to predict ) 

It IS interestmg to note that m the acute expen- 
ments the antagonism shown by mepacrme was not 
permanent, and about 90 mm after the mfusion of 
the drug the action of adenosme returned to 
normal In heart-lung preparations the antagomstic 
action of mepacrme and qumme could be even 
more easily reversed by changmg th& blood con- 
taming drug for fresh normal blood It appears 
that the antagomsm to adenosme is due ^mainly to 
the drug which circulates m the blood and not to 
that which is fixed m the tissues 

Pamaquin and paludrme, or more probably 
some metabohte of it, behave with respect to 
adenosme in the same way as the rest of the anti- 
malanal drugs assayed This is m contrast to the 
failure of riboflavme to antagonize their achon 
on L casei, a property common to the other anti- 
malarials assayed Perhaps paludrme does not 
show such antagomsm because under the m vitro 
conditions of the test its transformation mto the 
substances responsible for its adenosine antagonism 
and antimalanal activity does not take place One 
of the reasons which led Curd and Rose (1946d) to 
suggest that the antimalanal activity of paludrme 
was different from that of other types of anti- 
malanals was this failure of nboflavine to antagon- 
ize it In the hght of the experimental evidence 
that paludnne can be converted in the blood of 
treated animals mto some metabolite which does 
share v.ith other antimalanals the property of 
antagomzmg the action of adenosine, the case for 
such assumed difference in the mode of anti- 
malanal action IS somewhat weakened 

Summary 

Anbmalanal compounds antagonize the action 
of adenosine on the gumea-pig heart and on the 
hen caecum 


A parallehsm between the antimalanal activity 
and the power to antagonize adenosme has been 
demonstrated m most sene's of compounds 
exammed 

In heart-lung preparations it has been found that 
unlike the other antimalanals tested paludnne does 
not antagonize the action of adenosme However, 
the blood of paludrme-treated gumea-pigs did 
antagonize this action' Thls^s taken as evidence 
that paludrme is metabolized to another compound 
with different pharmacological properties 
The considerations which led to the testmg of 
antimalanals as antagomsts of adenosine are 
discussed 
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To investigate the role of the hver m the 
detoxication of anaesthetics, two mam methods 
are available First, the liver may be damaged 
by some drug such as carbon tetrachlonde , if the 
anaesthetic' has a greater effect than before, it is 
probable that it is normally detoxicated by the 
liver This method is open to at least two objec- 
tions In the first place, it is impossible accurately 
to assess the amount of liver damaged by this 
means , and further it is possible that the carbon 
tetrachlonde has some action of its own on the 
central nervous system The second method, 
which we have used, is to remove by operation a 
large proportion of the hver and observe whether 
the effect of the anaesthetic is mcreased This 
method has the advantage that the amount of 
liver tissue removed can be estimated fairly accur- 
ately, and It is unhkely 


quent intervals the rat was laid on its side, and when 
It remamed m this position it was considered to be 
asleep As soon as it got to its feet it was considered 
awake, and the sleepmg-time was thus determined. 
At least five days later partial hepatectomy was earned 
out by the method of Higgins and Anderson (1931) 
The animals withstood the operation weU, the mor- 
tality bemg about 10 per cent, and by the third day 
after operation appeared perfectly normal For 24 
hours after operation they were fed on bread and 
milk and 20 per cent glucose Thereafter they were 
given the normal laboratory diet On a chosen day 
after hepatectomy, the rat was given the same dose of 
drug as before, and the sleepmg-time agam determined 
in the same way The experiment was planned to 
give at least 10 results on each of the following days 
after hepatectomy 6th-7th, 8th-9tli, 10th, 12th, 15th, 
17th-18th, 20th, 22nd, and 26th-28th The mean 
sleeping-time of the rats on each of these days after 


that the operation has 
any comphcating side- 
effects Higgins and 
Anderson (1931) de- 
senbed a method for 
partial hepatectomy in 
rats, and the high sur- 
\ival rate and quick re- 
covery of the animals 
make it suitable for this 
type of mvestigation 

Method 

Albino rats weighing be- 
tween 150 and 300 g were 
used Each rat was given 
a prehmmary dose of the 
drug to be tested m the 
following manner Food 
was withheld overmght, 
and the following morning 
the drug was given to the 
ammal b> stomach-tube in 
a dose calculated accordmg 
to body-weight At fre- 



DAYS AFTER HEPATECTOMY 

Fig 1 — Graph showing regeneration of hver by weight after hepatectomy Numbers 
at each point show the number of rats used to determine each mean 
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operation could then be compared with their mean 
sleeping-time before operation 

Immediately each experiment was fimshed the rat 
was killed and its hver removed, washed m salme, 
dned with filter-paper, and weighed No rat was used 
twice after hepatectomy 

The drugs ^and doses used were chloral hydrate, 
350 mg per kg , bromethol, 300 mg per kg , soluble 
" phenobarbitone, 1 10 mg per kg , thiopentone, 50 mg 
per kg 

Results 

1 Rate of regeneration of liver 

In order to obtain an average figure for the 
amount of fiver removed at operation a prelimm- 


ary expenment was carried out on 40 rats The 
animals were hepatectomized and the portion of 
fiver removed was weighed The animals were then 
killed and the remamder of the fiver was dissected 
out and weighed From these two weights, the 
mean percentage of fiver removed was calculated, 
and found to be 62 2 per cent by weight (S D = 
4 88 per cent) This figure is lower than that of 
70 per cent found by Higgms and Anderson (1931) 
Expressed as g per 100 g body-weight of rat, the 
mean weight of fiver left behind after operation 
m these 40 rats was 1 29 (S D = 0 28) and the 
mean weight of the whole liver was 3 49 
(S D = 0 81) 


TABLE I 

DIFFERENCES IN MEAN SLEEPING-TIME OF GROUPS OF RATS ON VARIOUS DAYS AFTER HEPATECTOMY DEATHS 
SHOWN IN COLUMN (rv) ARE INCLUDED IN THE FIGURES IN COLUMN (v) EACH AS 500 MIN SLEEPINa-TIME 


(1) 

(u) 

(ui) 

(iv) 

~(v) 

(vi) 

Number 
of rats 

Day after 
hepatectomy 

Mean sleeping- 
time in min 
before 

hepatectomy 

Number of deaths 
due to effect of 
drug after 
hepatectomy 

Mean sleepmg- 
tune in mm 
after 

hepatectomy 

Difference 

(vHiu) 

1 


Chloral Hydrate (350 mg per kg ) 


16 

6-7 

171 1 

4 

346 1 

-fl75 0 

10 

8-9 

162 0 

6 

373 7 , 

+211 7 

10 

10 

85 2 

4 

277 4 

+192 2 

10 

12 

85 7 

3 

341 0 

+255 3 

10 

15 

209 4 

7 

384 0 

, +174 6 

10 

17-18 

78 0 

1 

II2 9 

+34 9 

10 

22 

176 3 

0 

74 8 

-101 5 ' 

6 

28 

147 0 

1 

0 

9T5 

-49 5 


Bromethol (300 mg per kg ) 


16 1 

6-7 

59 7 

8 

416 6 

+356 9 

11 ' 

8 

91 0 

8 

413 0 

+322 0 

10 

10 

77 5 

6 

396 6 

+ 319 1 

10 

12 

24 1 

7 

375 5 

+351 4 

10 

15 

1117 

4 

281 6 

+ 169 9 

10 

17-18 

98 0 

3 

265 0 

+ 1670 

10 

22 

76 7 

0 

93 5 

+ 168 

10 

26 

1728 

0 

55 4 

-1174 

Soluble Phenobarbitone (110 mg per kg ) 




17 1 

1 7-8 1 

6 8 

1 

98 5 

+91 7 

10 

1 10 

0 

0 

78 r 

+78 I 

11 

12 1 

19 0 

0 

75 0 

+56 0 

10 

, 16 

0 

0 

20 5 

+20 5 

8 

28 

0 

0 

1 

0 

0 

N. 


Thiopentone (50 mg per kg ) 


3 

4 

133 3 

2 

573 3 

+440 0 

10 

8 

94 1 

3 

314 0 

+219 9 

8 

12 

120 

2 

227 0 

+215 0 

10 

15 

86 8 

1 

212 4 

'+125 6 

8 

20 

92 0 

1 

1100 

+ 180 
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Fig 1 shows the mean « ' 

weights of the hver (m 
g per 100 g body- 
weight) of groups of 
rats on vanous days 
after hepatectomy It 
will be seen that re- 
generation proceeded o -F^oo 
very rapidly during the 
first week after opera- 
tion and that the hver 
had doubled its weight 
by the 7th day In our 
experiments the hver 
had not regamed its 
ongmal weight by the 
34th day, whereas m 
Higgms and Anderson’s 
experiments it had 
regamed its weight by 
the 14th day 
Brues, Drury, and 
Brues (1936) found that 
there was a fairly con- 
stant relationship 
between the weights of 
hver removed and that 
left behind, and there- 
fore expressed the de- 
gree of hver regenera- 
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DAYS AFTER HEPATECTOMY 

Fig 2 — Graph showing differences m mean sleeping-times of groups of rats on vanous 
' days after hepatectomy 


non as a percentage of the ongmal hver weight 
We have found that this method gives figures with 
a large scatter and that more consistent results 
are obtained by usmg the actual weight of hver m 
the rat m g per 100 g body-weight of rat 

2 Effect of anaesthetics after hepatectomy 

Table I shows the mean sleeping-fimes of groups 
of rats before and on various days after operation 
Column (vi) gives the difference between these two 
figures and shows whether the effect of the drug 
was increased or not. In the early days after 
operation the greatly mcreased effect of the drug 
resulted m the death of some ammals In order 
to mclude these results m the calculations it was 
necessary to consider them as if they had slept for 
a long penod Since rats rarely slept after any of 
the drugs for more than 400 mm , death w'as con- 
sidered as equivalent to the arbitrary figure of 
500 min sleepmg-time 

It can be seen from Table I that up to the 12lh 
day after operation the effect of chloral hydrate 
was greatly mcreased On the 18th day the effect 
was only slightly greater than that before opera- 


tion, and on the 22nd day it was actually less 
Similarly, Table I shows that by the 22nd day the 
effect ofjjromethol was almost the same as before, 
and was less than before operation on the 26th 
day The results for soluble phenobarbitone show 
that there was a defimte though smaller mcrease 
in sleepmg-time after operation, and that this 
mcrease had almost disappeared by the 16th day 
It will be seen that, with the dose of phenobarbi- 
tone used, animals larely slept before operation 
It was not possible to use a larger dose, which 
would produce sleep m most animals before 
operation, without causing a large number of 
deaths Table I shows that by the 20th day the 
effect of thiopentone was almost the same as 
before hepatectomy These results are expressed 
graphically m Fig 2 

In order to make sure that the mcreased effect 
of these drugs after hepatectomy was due to the 
loss of liver substance and not to the operative 
interference or anaestheUc, control experiments 
were done for all four substances A group of rats 
was given the usual dose of the drug , five days 
later laparotomy was earned out, and on the 
fourth day after operation a second dose of the 
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TABLE II 

TABLE SHOWING THAT THERE IS NO CORRELATION 
BETWEEN DEGREE OF UVER REGENERATION BY WEIGHT 
AND DIFFERENCE IN SLEEPING-TIME AFTER OPERATION 
FIGURES ARE PERCENTAGES OF ANIMALS IN EACH GROUP 


Drug 

(i) 

(u) 

(m) 

(IV) 

(V) 

Difference 
m sleep- 
mg-time 
in nun 

Percentages of animab grouped 
m terms of weight of hver in g 
per 100 g body-weight 

<2 5g 

2 5-3 Og 

3 0-3 5g 

>3 5g 

Chloral 

No increase 

30 

50 

36 

37 

hydrate 

+ 1-200 

25 

18 

36 

18 

350 

+201-400 

40 

16 

18 

27 

mg /kg 

+>400 

5 

16 

10 

18 

Brom- 

No increase 

17 

47 

22 

16 

ethol 

+ 1-200 

28 

17 

34 

12 

300 

+201-400 

38 

23 

22 

36 

mg /kg 

+>400 

17 

13 

22 

36 


drug was given as before It was found that the 
increase in the mean sleepmg-time was neghgiblfe 

We observed that rats before hepatectoray never 
slept for longer than 200 min with any of the 
drugs If the drug had a greater effect the ammai 
died After hepatectomy, however, the drug often 
caused rats to sleep for much longer penods For 
instance, of 144 normal rats receiving bromethol, 
the highest sleepmg-time was 190 mm Of 69 
hepatectomized rats receivmg bromethol, 10 slept 
for longer than 350 mm without dymg This 
observation is consistent with the idea that after 
hepatectoray the detoxication processes are slowed 

3 Correlation of effect of drug with degree of liver 
regeneration 

We were interested to see if there were any cor- 
relation between the degree of regeneration of the 
Uver and its abihty to detoxicate anaesthetics If 
th^ere were a correlation, we should have expected 
animals with marked Uver regeneration to be less 
affected by the anaesthetic than those whose livers 
had only regained a small proportion of then 
former weight In Table 11 ammals are arranged 
m four groups according to the weights of then 
hvers at death (columns (u), (m), (iv), and (v)) 
Each of these groups is divided mto four classes 
according to the difference in sleepmg-time after 
hepatectomy The figures m each column are the 
percentages of rats m each group If there were 
a correlation, we should expect that a high per- 
centage of animals with small hver-weights would 
haie a much increased sleeping-time after opera- 
tion, and conversely a high percentage of those 


with large hver-weights would have httle or no 
increase m sleeping-tune It is clear from Table II 
that there is no such trend For mstance, for 
chloral hydrate, 45 per cent of rats whose hver 
vFeighed less than 2 5 g per 100 g showed an 
increased sleepmg-tune after operation of more 
than 2(M) mm , whereas the same percentage (45) 
of animals whose hvers weighed more than 3 5 g 
also had an mcrease of more than 200 mm 
sleepmg-tnne Similarly, for bromethol, 55 per 
cent of animals with less than 25 g liver per 
100 g and 72 per cent of animals with more than 
3 5 g per 100 g showed an mcrease of sleepmg- 
time after operation of more than 200 mm Hence 
the degree of regeneration of hver by-weight is no 
guide to Its abihty to detoxicate these drugs 

Discussion 

Chloral hydrate and bromethol are usually said 
to be detoxicated m the hver Thus, Mukeijijmd 
Ghose (1940) found that, m dogs with hvers dam 
aged by carbon -tetrachlonde, there was a well 
marked excretion of free chloral m the urine after 
oral admimstrahon of the drug, whereas in normal 
dogs all the unnary chloral was conjugated There 
is, however, httle definite evidence that bromethol 
fs detoxicated m the hver, though it has been 
claimed that it can cause transient hver. damage 
(Bourne and Ragmsky, 1931 , Coleman, 1938) 
Our experiments show that both these drugs are 
detoxicated m the hver, though the possibihty that 
partial hepatectomy affects the renal excrehon of 
them has yet to be excluded Table II shows that 
there is no correlation between the degree of hver 
regeneration by weight and its ability to detoxicate 
the drug It is clear that the restoration of the 
enzyme systems which break down or conjugate 
these drugs is independent of the restoration of 
the mass of hver tissue 

Most observers state that phenobarbitone is not 
detoxicated m the hver Cameron and De Saram 
(1939) found that there was no significant pro 
longation of its action m rats after acute hver 
damage caused by carbon tetrachlonde Ma^on 
and Beland (1945) stated that the anaesthetic 
of phenobarbitone Was not mcreased by partia 
hepatectomy, whereas after bilateral nephrectomy 
rats slept for over twice as long as the con o 
Similarly, Hirschfelder and Haury (1933) fou 
that bilateral nephrectomy markedly mcreasea 
effect of phenobarbitone m rabbits 
other workers, therefore, consider that ^ “ 
phenobarbitone is ehmmated through the lu 
and not detoxicated to a significant extent r 
liver It IS, however, not possible to recover 
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tiian 25 per cent of administered phenobarbitone 
m human urine (Halberkann and Reiche, 1927), 
so that 75 per cent is still to be accounted for 
Our expenments show that partial hepatectomy 
increases the effect of soluble phenobarbitone up 
to the 16th day after operation The possibility 
that hepatectomy affects the renal excretion of the 
drug m some way has yet to be excluded, but a 
probable explanation is that the drug is detoxi- 
cated to some extent in the hver 

It wdl be seen from Table I that the mcrease 
in mean sleepmg-time with phenobarbitone on the 
seventh day after operation (90 min ) is much less 
than that with chloral and bromethol This is 
possibly^ due to ' the relatively smaller dose of 
phenobarbitone used 

The evidence about thiopentone is conflicting 
Richards and Appel (1941) found that its effect in 
rats was not mcreased after hver damage by car- 
bon tetrachlonde, and Scheifley (1946) found that 
its effect was not mcreased by partial hepatec- 
tomy On the other hand, Schideman, Kelly, and 
Adams (1947) found that partial hepatectomy, hver 
damage with carbon tetrachlonde, and the produc- 
tion of an Eck fistula aU markedly mcreased the 
effect of thiopentone They also showed that the 
drug was broken down when mcubated m vitro 
with hver shces Our results support these authors’ 
conclusions that thiopentone is detoxicated m the 
liver 

Fig 2 shows that between the 22nd and 26th 
day the liver appears to be better able to detoxi- 
cate chloral hydrate and bromethol than before 
hepatectomy Further work is necessary to con- 
firm and elucidate this phenomenon It is impos- 
sible to say whether the same holds good for 
phenobarbitone, smce, with the dose used, ammals 
seldom sleep before operation 


Summary 

1 A method is described of determining 
whether anaesthetics are detoxicated in the liver, 
by usmg partial hepatectomy m rats 

2 The anaesthetic effect of chloral hydrate, 
bromethol, soluble phenobarbitone, and thiopen- 
tone IS mcreased by partial hepatectomy This 
increased effect is no longer present for chloral 
hydrate by the 17th, for bromethol by the 22nd, 
for soluble, phenobarbitone by the 16th, and for 
thiopentone by the 20th, day after operation 

3 There is no apparent correlation between the 
regeneration of the liver by weight and its power 
to detoxicate these drugs 

We should like to express our thanks to Professor 
J H Bum for suggestmg this work One of us 
(J M W) was maihtained by a personal grant from 
the Medical Research Council 
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had received one dose of each drug at the comple- 
tion of the test The initial pain threshold was 
detennined before injection , the drugs, dissolved 
in amounts of saline such that the appropriate 
doses were contained in 0 5 ird per g of rat, 
were injected subcutaneously at mtervals of 2 mm 
This mterval was mtroduced m order to allow for 
the time taken m eshmatmg the pam threshold 
subsequent to mjection, so that responses might 
be measured at equal intervals 
Previous tests had mdicated that the effects 
of morphme and amidone upon the pam threshold , 
of rats are maximal approximately 30 mm after 
injection and that the curves for the duration of 
action of the two substances are almost identical 
A smgle determination of the pam threshold half 
an hour after injection was therefore used for 
estunations of analgesic potency 
Table I shows the results obtamed m the com- 
panson of the analgesic activities of d-, /-, and dl- 
amidone with that of morphme 
The equiactive doses m the sixth column were 
obtamed by estmiatmg the dose of each drug pro- 
duemg a 50 per cent increase m pam threshold, 


TABLE I 

THE COMPARATIVE ANALGESIC ACTtVITIES OF THE OPTICAL ISOMERS OF AMIDONE BY THE RAT METHOD 




No 

Mean increase m pam threshold 

Equiactive 

AcUvity 

Drug 

tested 

Dose 
mg /kg 





rauo 

of 

rats 

Per 

cent 

Standard ] 
error 

Slope 

mg /kg 
(±%SE) 

(morptoe 

d-Amidone 

10 

20 

34 9 

3 45 

nil 

1 

— 

hydrochlonde 

20 

20 

348 

3 65 




/-Amidone 

08 

20 

31 9 

3 19 

169 8 

1 02 

2 I 

hydrochlonde 

1.2 

20 

61 8 

5 75 


±10 45% 


4/-Amidone 

I 2 

20 

41 0 

3 78 

74 8 

1 58 

1 36 

hydrochlonde 

24 

20 

63 5 

8 80 


±12 05% 


Morphme 

20 

20 

468 

4 72 

96 0 

2 16 

1 0 

sulphate 

3 0 

20 

63 7 

10 01 


±11 15% 

1 



-A brief description of the preparation of the 
optical isomers of amidone has already been pub- 
hshed (Thorp et al , 1947b), m which it was shown 
that it IS possible to prepare these substances by 
resolution of 1 1 - diphenyl - 3 - dimethylammo- 
valeronitnle, the penultimate compound m the 
synthesis of amidone, and conversion of the opti- 
cally active nitriles into the correspondmg ketones 
Some bnef pharmacological results were given m 
that note, but it is now possible to desenbe the 
pharmacology of these substances more fully 

Analgesic activity 

The relative analgesic activities of d-, and dl- 
amidone were determmed m companson with that 
of morphme The method used has already been 
described by the author (1946) , it was a modifica- 
tion of the radiant heat stimulation method of 
Hardy, Wolff, and Goodell (1940) The compari- 
son was performed on a group of forty rats on 
each of four days, and two dose levels for each 
drug were used The animals were randomly 
arranged mto eight groups of five rats, and the 
treatments changed on each day so that all rats 
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the slope value estimated for each regression Ime 
bemg used 

The activity ratios are the ratios of the recipro- 
cals of the equiactive doses takmg the value for 
morphine as umty The three values for the slopes 
were tested for similanty, and it can be shown 
that, for P = 0 95, the differences between them 
are not statistically significant The standard errors 
of the equiactive doses in the fifth column do not 
preclude the possibility that /-amidone is twice as 
active as the racemic isomer 
The results show that m the rat t/Z-amidone 
hydrochlonde is probably a rather more powerful 
analgesic drug than morphine sulphate, and that 
the activity of the laevo isomer is very much 
greater than that of the racemic form 

The dextro isomer failed to produce a graded 
increase m pain threshold when given m large 
doses, and the observed nse m pam threshold was 
probably not due to true analgesic action In 
doses comparable with those of J/-amidone, d- 
amidone is without effect upon the pain threshold 
m rats It is therefore very probable that the laevo 
isomer is twice as active as the racemic form and 
the dextro compound inactive 

Toxicity 

The toxicity of the optical isomers of amidone 
was determmed by intravenous injection into 
mice, the method of calculating the LD50 value 
described by Khrber (1931) bemg used The doses 
were always given m 0 25 ml of physiological 
salme and the results obtamed are , given in 
Table II 

. It will be seen that the LD50 values for the three 
isomers are of the same order of magnitude The 
actual values obtained do not, however, agree with 


those /previously reported by the author (1947a , 
1947b), which were between 10 and 18 mg jkg We 
have repeated acute toxiaty expenments on nuce 
of two different strams and upon different days, 
and found that the absolute values of the LD50 
for aimdone isomers are subject to wide vanations, 
although the results are comparable within indi- 
vidual experiments 

Finnegan et al (1948) found the LD50 of dl- 
amidone hydrochlonde to be 9 2 ± 0 4 mg /kg in 
rats upon intravenous mjection, -but pomted out 
that the toxicity in acute experiments is very much 
greater than that of morphine, whereas the values 
obtained with smaller doses m a subacute expen- 
ment were much more sunilar 
'These findmgs show that the acute toxicity of 
amidone is not due to the central nervous depres- 
sant property smce this is almost absent in the 
dextro isomer The acute toxic effect is the result 
of sudden cardiovascular failure, and the LD50 
value is determined largely by the resistance of the 
animals to a cntical fall of blood pressure of brief 
duration 

There is evidence, however, from the results 
given above that the toxicity of /- and d/-amidone 
IS enhanced by the depressant action these drugs 
exhibit since the LD50 value for rf-araidone is 
just significantly greater than that of the other 
isomers 

When cats and dogs were anaesthetized with 
pentobarbitone sodium and arranged for recording 
blood pressure and respiration, the following 
results were obtamed 

d-Amidone — In both dogs and cats similar 
effects were observed after mtravenous mjections 
of i7'amidone Small doses of 1 0 or 2 0 mg /kg 
caused a bnef fall in blood pressure of 40-80 


TABLE n 

THE ACUTE TOXICITIES OF THE OPTICAL ISOSCERS OF AMIDONE UPON INTRAVENOUS INJECnON INTO MICE 


^/-Amidone HCl 

/-Amidone HCl 

i//-Amidone HQ 

Dose 
mg /kg 

Mortabty 

Dose 
mg /kg 

Mortality 

Dose 
mg /kg 

Mortality 

22 64 


11 32 


800 


32 00 

14/20 

16 00 


11 32 


45 28 


22 64 


16 00 

3/20 



32 00 


22 64 

8/20 



45 28 


32 00 

14/20 



64 00 


45 28 

20/20 

LD50 = 29 9 mg /kg 

LD50 = 26 02 mg./kg 

LD50 = 

24 24 mg /kg 

Fiducial limits (P = 0 93) 

Fiducial limits (P = 0 95) 

Fiducial limits (P = 0 95) 

27 47 to 32 58 

22 89 to 29 55 

21 16 to 27 76 
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mm Hg There was no depression of the respira- 
tion and when a series of doses of 2 mg /kg were 
given at 15-min intervals a similar fall m blood 
pressure was produced with each injection The 
duration of each depressor response was from 1 
to 2 min Death resulted in all animals after the 
injection of 7-10 mg /kg of d-amidone and was 
characterized by a precipitate fall of blood pres- 
sure to approximately one-third of the normal 
level This effect was associated with temporary 
respiratory arrest followed by Cheyne - Stokes 
respiration, and death usually occurred in 20 mm 
or less These effects were not modified by section 
of both vagi in dogs 

When guinea-pigs in which the bram and upper' 
part of the spinal cord had been destroyed were 
supphed with artificial respiration and arranged 
for recordmg blood pressure, mjections of 1 mg /kg 
of if-amidone caused a marked fall in blood pres- 
sure similar to that observed in anaesthetized dogs 
or guinea-pigs 

These experiments show that the prmcipal cause 
of the toxic action of d-amidone is a precipitate 
fall in blood pressure which is due to direct actiom 
upon the cardiovascular system 

\-Amidone — ^The injection of 1-armdone mto the 
anaesthetized dog or cat caused effects which were 
markedly different from those described above In 
the dog a first injection of 1 mg /kg of /-aimdone 
caused a fall of blood pressure of approximately 
50 mm Hg lasting about min The blood pres- 
sure then rose to a value slightly above the normal 
The respiration showed marked depression and 
became irregular A second dose of -1 mg /kg 
caused a much smaller fall m blood pressure fol- 
lowed almost at once by a prolonged increase of 
approximately 30 mm Hg above the normal level 


The respuration showed a further degree of depres- 
sion A third similar dose 10 mm later caused no 
detectable fall m blood pressure, but a further rise 
m the general level After both vagus nerves were 
cut and the animal left for an mterval of an hour, 
injections of 1 and 2 mg /kg of /-armdone caused 
only a fall m blood pressure 

In the cat the blood pressure showed the same 
bnef fall upon injection of the drug, followed by 
a return to a level shghtly below the normal value 
Subsequent doses caused a progressively less 
marked mihal fall, but a general Ipwermg of the 
level of blood pressure followed 

This initial fall m blood pressure bas been 
exammed by Shideman and Johnson (1948), who 
have shown that it becomes less upon subsequent 
mjections and is a phenomenon exhibited by most 
analgesic drugs They have termed the effect 
“ acute vascular tolerance ” 

The effects of /-amidone were m general indis- 
tmguishable from those of d/-amidone described 
by Scott and Chen (1946), and, m our experiments 
upon animals m which the vagi were intact, 
cardiac slowing was also observed after injections 
of /-amidone 

The acute effects of the amidone isomers appear 
to be due to two prmcipal actions an immediate 
fall m blood pressure caused by direct action upon 
the heart and possibly also the vascular system, 
and. With the /- or d/-isomers, an additional 
depression of respiration and some shght degree 
of parasympathetic stimulation 

Effect upbn respiration 

The effect upon respiration was compared in the 
rabbit by means of the respiration recorder 
descnbed by Gaddum (1941) The recorder was 


TABLE m 

THE EFFECT OF THE OPTICAL ISOMERS OF AMIDONE UPON THE RESPIRATORY MINUTE VOLUME IN RABBns 


d-Amidone HCi 


Dose 
mg /kg 


1 5 

1 5 

2 5 
25 
2 5 
2 5 
50 


Max change in 
respiration j>er cent 


+ \S 
+24 
+3 
-10 
+ 14 
+12 
-5 


Mean 
■ + 195 

+4 7 
-5 0 


/-Amidone HCI 

Dose 

Max change m 

mg /kg 

respiration per cent 




Mean 

1 4 

-46 

■ 


1 4 

-32 


^-37 3 

1 4 

-34 



1 7 

-47 

1 


I 7 

-53 


h-5I 2 

17 

-53 

. 


2 5 

25 

-87 

-91 

. 

*1 

, 

—89 0 


dZ-Amidone HCI 


Dose 
mg /kg 


28 
28 
28 
28 
34 
34 
34 
3 4 
50 
50 


Max change m 
respiration per cent 


-55 

-64 

-60 

-47 

-66 

-55 

-47 

-78 

-94 

-96 


Mean 


56 5 
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connected to a rubber mask with mspiratory and 
expiratory valves and. fitted to unanaesthetized 
rabbits restrained m a prone posture by broad 
cotton tapes Smce analgesic compounds com- 
monly cause a marked fall m body temperature 
the animals were placed m a ventilated air thermo- 
stat mamtained at 24° C The recorder was of the 
differential type descnbed m Gaddum’s paper with 
tambours 4 in m diameter In these circumstances 
the record obtamed was hnearly proportional to 
the respiratory mmute volume from a recorded 
height of 2 to 12 5 cm upon the kymograph Four 
to eight rabbits were used for the companson of 
each compound with morphine as the “ standard,” 
and the peak percentage of respiratory depression 
was measured 

Both dl - and / - armdone depress the rabbit 
respiration to a marked degree when doses are 
given shghtly m excess of those required to pro- 
duce analgesia 

Table in shows the percentage change of the 
normal respiratory minute volume of rabbits 
measured at the point of maximum respiratory 
depression on the continuous records obtained 
with Gaddum’s respiration recorder 

The rwults are expressed graphically in Fig 1, 
from which it will be seen that the depressant 
effect of /-amidone upon the rabbit respiration is 
twice as great as that of the racemic compound, 
the effect of the dextro isomer being neg’igible in 
comparable doses Some degree of stimulation is 
possibly caused by the latter drug 

The respiratory depressant property parallels 
the occurrence of analgesic properties m these three 
compounds and is therefore not the reason for 
the high toxicity of all three isomers 



Fig ] — ^The effect of the optical isomers of amidone 
upon the respiratory mmute volume of rabbits 



Fig 2 — Apparatus for the perfusion of the isolate 
rabbit heart which enables the effect of accurately 
measured concentrations of drugs to be mvestigated 


Effect upon the isolated rabbit heart 

The effect upon the isolated rabbit heart was 
estimated by means of the Langendorff prepara- 
tion, but a modified apparatus was used which 
enabled the heart to be exposed to accurately 
known concentrations of the drugs 

This apparatus is shown diagrammatically in Fig 2 
and consists of a ngid vertical board through which 
the aortic cannula is mounted This cannula can be 
connected to any one of three bottles of 1 litre capacity 
by three two-way stopcocks The bott’es, filled with 
Ringer solution, are kept at 39° C in a water-bath 
By this means the drug under test can be admmistered 
in known dilution from one of the bottles, and, after 
the rubber tubing connecting the cannula has been 
flushed out by means of the two-way tap, this so'ution 
can be substituted for the Ringer solution already 
flowing through the heart 

The outflow from the coronary vessels is recorded 
by means of a funnel beneath the heart carrying the 
perfusate to a Gaddum outflow recorder The heart- 
beat IS recorded by a thread from the apex of the left 
ventncle passing over a glass pulley and through a 
hole in the board to a lever on the kymograph, A 
record of the heart rate is made simultaneously by 
counting the closing of a pa^ir of springy contacts 
mounted at the hinge of the recording lever These 
contacts connect to a valve relay, and an impulse 
counter, descnbed by the author (1948), is used to 
make the final record By this means changes in 
coronary flow, heart rate, and the amphtude of 
contraction with each beat are recorded simul- 
taneously 

The data shown in Table IV were obtained by 
means of the method descnbed above Results 
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TABLE IV 

THE EFFECT OF THE OPTICAL ISOMERS OF AMIDOKE AFiD OTHER ANALGESIC DRUGS UPON THE LANGENDORFF 

PREPARATION OF THF^ISOLATED RABBIT HEART 


Drug 

Dilution 

1 

1 

Effect upon the isolated rabbit hpart 

Coronary flow 

Heart rate 

Amphtude of beat 

Notes 

d-Amidoae 

I 500,000 

Nil 1 

Nil 

Decreased 


HCl 

1 100,000 

+25% , 

Slowed 

Greatly decreased 

Toxic cone 

/-Amidone 

1 500,000 

+20% 

Nil 

Decreased 


HCl 

1 100,000 

+30% 

Sbght slowing 

Greatly decreased 

Toxic cone 

dZ-Amidone 

1 500,000 

i +10% 

Nil 

Decreased 


HCl 

1 100,000 

+20% 

1 Slowed 

1 Greatly decreased 

Toxic cone 

Morphine 

1 100,000 

Nil 

Nil 

Nil 


sulphate 

I 50,000 

Nil 

Nil 

NU 

Non-tOHC 

Pethidine 

1 100,000 

Nil 

Nil 

Decreased 



1 20,000 

1 +10% 

Nil 

Greatly decreased 

Toxic cone 

1 


obtained with moiphine and pethidine were 
included for companson 

It will be seen that all three isomers of amidone 
behaved similarly upon the heart The toxic level 
was similar with each isomer and was found at 
concentrations of 1 100,000 and stronger If it 
be assumed that the drug is distributed uniformly 
upon intravenous injection this level corresponds 
to a dose of the order of 10 mg /kg , a level 
comparable ivith that expected from the toxicity 
determinations 

Pethidine also proved to be toxic to the heart, 
but the concentration required was five times as 
great as that of amidone isomers , this finding again 
agrees with the acute toxicity ratios for these 
drugs Morphine, which is of low toxicity in mice 
and rats, was ivithout cardiotoxic action at con- 
centrations of 1 20,000 and less 

The principal toxic action of amidone isomers 
IS therefore upon cardiac muscle, but it is increased 
with the /- and d/-isomers by the central nervous 
depression which these two drugs produce The 
apparent stimulation of respiration shown by d- 
amidone is probably real and secondary to the 
fall of blood pressure produced by the action upon 
the heart of small d&ses 

Spasmolytic activity 

Segments of rabbit ileum, caused to contract 
\vith a concentraUon of 1 in 4,000,000 carbamyl- 
cholme, showed approximately 70 per cent relaxa- 
tion of the spasm after the addition of any one of 
the three amidone isomers in d concentration of 
1 in 1 50,000 in the isolated organ bath When 1 in 


5,000 banum cblonde was used in the same way ' 
each of the amidone isomers caused similar relaxa- 
tion in a concentration of 1 in 120,000 

Pethidine was tested in the same way for pur- 
poses of comparison , after carbamylcholine it 
had a similar spasmolytic effect m a concentraUon 
of 1 in 70,000 and after banum chloride the same 
concentration was effective 

These results show that anudone and its optical 
isomers are rather more active as spasmolytic 
drugs than pethidine This effect is not associated 
with the optically acUve carbon atom but is a 
function of the molecule as a whole , the action 
on the isolated heart already described is equally 
independent of the stereochemical configuration 
Probably they act directly upon the muscle cells 

Local aiiacstlietic action 

The local anaesthetic activity of the three 
isomers was compared with that of procaine by 
the intracutaneous weal method descnbed by BUlb- 
nng and Wajda (1945) Eighteen to 24 gumea- 
pigs were used for each drug with two intra- 
cutaneous weals on each animal Each animal 
received one weal from procame and one weal 
from one of the test compounds In half of the 
group of gumea-pigs high doses of procaine or 
of the amidone isomer were placed anteriorly and 
low doses posteriorly, and in the other animals 
the arrangement was reversed , this was done in 
order to compensate for the slightly greater sensi- 
tivity of the skin m the anterior half of the body 

The results were assessed by calculating the 
mean slope of the dose response curves for 
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procaine and the amidone isomers, and thereby 
obtaimng the potency ratio for the vanous drugs 
A weighted mean potency ratio was then calcu- 
lated for the group of animals treated with the 
same compound 

TABLE 'V 

A COMPARISON OF THE LOCAL ANAESTHEnC PROPERTIES OF 
THE OPTICAL ISOMERS OF AMIDONE USING THE METHOD OF 
BULBRING AND WAJDA 

The volume of solution mjected for each dose was 0 1 ml 


Drug 

No 

animals 

Cone f 
of drug 
mg /ml 

Mean potency 
ratio 

(procame = 1) 

^/-Amidone 

hydrochlonde 

18 

40 

20 

1 

J 

j. 0 58 

/-Amidone 

hydrochlonde 

24 

20 

1 0 

J 

^ 3 51 

£//-Amidone 

hydrochlonde 

24 

20 

1 0 

1 

j. 2 14 


The results are given m Table V from which it 
will be seen that local anaesthetic action is shown 
by all three isomers and is greatest m the laevo 
form The potency of the racemic compound is 
the mean of those of the d- and /-isomers Con- 
sequently the optical isomensm of amidone greatly 
influences the local anaesthetic activity, which is 
3 5 times as great as procame for the laevo isomer, 
but that this is not the only factor influencmg this 
activity is shown by its occurrence with all three 
isomers 

Effect upon body temperature 

The effect of these amidone isomers upon body 
temperature was detenmned m rabbits, six animals 
bemg used for each expenment The temperatures 
were measured by rectal thermocouples connected 
to a Tmsiey amplifier through a selector switch 
connectmg each rabbit to the recorder once in 
2 mm The final record was taken by means of 
a Siemen’s six-colour chart recorder The doses 
were given subcutaneously in a volume of 1 ml 
physiological salme 

Groups of SIX rabbits were used together at one 
time, but each drug was given to more than one 
such group smce some rabbits occasionally showed 
no effect at all from the drug This absence of 
effect has previously been recognized m rabbits 
bemg used for testmg pjTogenic substances, and 
a prchmmary sorting test is usually employed to 
select animals of comparable sensitivity !l^bbits 
which showed no effect wnth the active drugs m 


these experiments were not mcluded m the results 
The remammg animals tended, to fall mto two 
groups, the larger one of which exhibited consis- 
tent changes m body temperature to the same 
treatment and a second smaller group of very 
sensitive animals which showed a very much more 
marked depression of temperature These more 
sensitive animals numbered about 15 per cent of 
the total used For the purposes of these com- 
pansons all animals showing a fall m temperature 
were used for the calculation of the mean curves 
reproduced m Fig 3 



Fig 3 — ^The effect of optical isomers of amidone upon 
the body temperature of rabbits 

The curves show that </-amidone had no effect 
upon body temperature, /-amidone produced -the 
most marked depression, and the racemic isomer 
produced an effect which was very nearly half that 
of the /-isomer 

Discussion 

The central depressant actions of armdone are 
associated only with the laevo isomer Conse- 
quently the racemic compound is approximately 
half as active on the central nervous system The 
effects of amidone are complicated by the fact 
that some structural features other than the stereo- 
chemical configuration confer on the molecule 
marked toxic properties to the muscle cell, since 
these are also displayed by the dextro isomer 

The action of amidone upon the cardiovascular 
system has been exammed by Scott and his col- 
leagues (1947) using the cross-circulation tech- 
mque of Heymans in dogs They have shown that 
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the direct hypotensive effect was confined to the 
donor dog and was not the result of vagal media- 
tion, and they concluded, because of the slowing 
of the heart of the recipient dog, that aimdone 
was a stimulant of central parasympathetic nuclei, 
although the drug does not show any other charac- 
teristic parasympathetic effects 

The acute toxicity of amidone is almost entirely 
due to the direct effect on the heart whereas this 
type of effect is very small with morphme , this 
explains the findmgs of Finnegan et al (1948) that 
morphme is far less toxic m acute experiments 
but that in chronic experiments with smaller doses 
there is less difference between this drug and 
amidone 

Compounds of the amidone type commonly 
show powerful local anaesthetic achvity, and it is 
curious that among the effects which are influenced 
by the stereochemical configuration this was the 
only one m which the dextro isomer had a con- 
siderable degree of activity 

Summary 

1 The dextro, laevo, and racemic optical isomers 
of amidone (2-dimethylammo-4 4-diphenylheptan- 
5-one) have been exammed pharmacologically 
The effects upon the central nervous system m 
mammals are associated with the laevo, and con- 
sequently also the racemic form 

2 The site of action of the acute toxicity of 
amidone was found to be upon the cardiac muscle 
cells All three isomers of amidone were approxi- 
mately equally toxic 


3 Spasmolytic activity was shown to be a func- 
tion of the general structure of amidone and not 
associated with optical isomensm 

4 Local anaesthetic activity occurs m all three 
isomers, but is influenced by optical isomensm and 
IS greatest m the laevo form 

5 The recently reported property of analgesic 
drugs, of producmg a state of “ acute vascular 
tolerance ” to the depressor action resulting from 
intravenous injection,- has been confirmed with 
/-amidone 
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ANTIMITOTIC ACTION OF MALEIMIDE AND 
RELATED SUBSTANCES 


BY 

E FRffiDMANN, D H MARRIAN, AND (MRS) I SIMON-REUSS 
From the Department of Radiotherapeuttcs, University of Cambridge 

(Received October 2 1948) 


The results obtamed by us (1948a) with maleic 
acid as an mhibitor of mitosis have been developed 
in an attempt to prepare other mitotic inhibitors 
related to maleic acid , in particular we have mves- 
tigated the antimitotic activity of substances m 
which the maleic acid residue is part of an ah- 
phatic rmg The imides of maleic aCid (D and of 
citracomc acid (II), N-ethylmaleirmde (III), and in 
addition succmimide (TV) were chosen for this 
purpose 


O 


II 


(D R and Ri=H 


O 


A 


/ CR / CH, 

R^N IL (IDR=CH5, Ri=H r (IV) 


CH 




^ (HI) R=H. Ri=QHs 


The action of these substances on the growth of 
normal cells is reported in this paper 


centage of hourly mitoses was calculated in terms of 
the number of cells present Details of this technique 
have been described by Willmer and Jacoby (1936) 

Experimental 
Mitotic Disturbances 

The values for mitotic mhibition and phase dis- 
tnbution obtamed with compounds I, II, ITT, and 
IV are collected m the Table 

Maleimide (I , R and Ri = H) 

Maleimide has weak antimitotic activity At 
5 X 10''M an mhibition of 21 per cent was 
observed By raising the concentration to 
9x10 no further increase of the inhibition 
has been observed 

At lower concentrations of maleimide 1 x 10" 
M (Table) and occasionally at 3 x 10*‘Af, an 
increase m the mitotic count occurred after 1 5, 
3, and 24 hours (Fig 1) A number of expen- 
ments was performed to ascertam the nature of 


Methods 

The expenments were earned out on tissue cultures 
of chick fibroblasts The technique adopted by us 
has been desenbed previously (1948a) The hanging 
drop method ivas used m all expenments except some 
with maleimide, m which the Carrel flask method was 
adopted m combination with the Kodak record film 
technique 

Carrel flask technique — By this technique the tissues 
are grown m a solid coagulum of blood plasma at the 
bottom of a small flask The embryo extract con- 
taining the compound is added as soon as the plasma 
has clotted 

Cine micrographical record — A picture wms taken 
every sixth minute on a Kodak recording film The 
mitotic index was assessed by counting the mitoses 
occumng in each photograph and by making a total 
cell count at the end of ever) tenth hour The per- 



Fig I — Increase m mitotic count with 3 x 10 
maleimide at 1 5, 3, and 24 hours 
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TABLE 

TISSUE CULTURES CHICKEN FliROBLASTS, HANGING DROP METHOD, 4TH PASSAGE, 24 HOUR CULTURES, FIXED 

IN SUSA, STAINED IN HEIDENHAIN’S HAEMATOXYUN 


Molar 

Mitoses as % 
of mitoses of 
controls 

Per cent 

Phase distnbution in % of mitoses 

cone 

inhibition 

Prophase 

Metaphase 

Anaphase 

Telophase 


Maleimide (9,619 mitoUc cells investigated) 


1 

Controls 



15 4 

47 2 

62 

31 2 

2 

1 X 10 » 

1284 ± 79% 

0 

14 0 

34 0 

68 

45 2 

3 

3 X 10-» 1 

99 0 ± 5 4% 

0 

19 0 

250 

30 

53 6 

4 

Controls 

— 

— 

12 7 

39 1 

57 

42 5 

5 

5 X 10-‘ 1 

79 0 ± 6 1% 

21 0 

222 

29 3 

21 

464 

6 

7 X 10-« 

76 7 ± 8 2% 

23 3 

16 8 

30 3 

49 

48 0 

7 

9 X 10 » ! 

79 0 ± 4 8% 

21 0 

283 

28 9 

49 

37 9 

8 

Controls 

— 

— 

16 8 

30 9 

3 6 

48 7 

9 

3 X 10-' 

139 0 ± 1 3% 

0 

17 2 

220 

34 

57 4 


Cttraconimide (4,634 mitotic cells mvestigatcd) 


1 

Controls 



234 

20 8 

43 

51 5 

2 

3 X 10 ' 

38 2 ± 2 8% 

61 8 

19 5 

31 6 

45 

444 

3 

Contro s 

— 



10 0 

45 6 

65 

37 9 

4 

1 X 10-' 

66 7 ±2 1% 

33 3 

63 

34 9 

13 6 

AS2 

5 

6 X 10-’ 

80 6 ± 3 2% 

19 4 

141 

43 1 

68 

36 0 

6 

4 X 10-’ 

89 8 ±49% 

10 2 

75 

42 8 

94 

403 


N-ifTHYLMALEiMiDE (5,070 mitotic cclk mvestigated) 


1 

Controls 
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31 8 

1 6 

445 

2 

4 X 10 ’ 

820 ±29% 

18 0 

16 3 

36 1 

5 1 

42 5 

3 

6 X 10-’ 

1 727 ±3 7% 

1 27 3 

9 1 

39 5 

11 3 

40 1 

4 

1 X 10 ' 

67 9 ± 3 0% 

32 1 

19 5 

34 9 

59 

39 7 

5 

Controls 

— 



12 2 

408 

8 6 

38 4 

6 

2 X 10-' 

49 2 ± 2 4% 

50 8 

10 7 

45 4 

1 6 

42 3 

7 

4 X 10-' 

52 9 ± 1 9% 

47 1 

10 5 

43 2 

52 

41 1 

8 

6 X 10-' 

47 9 ± 2 3% 

52 1 

16 1 

41 1 

37 

39 1 

1 


Succinimide (5,373 mitotic cells investigated) 


1 

Controls 



18 8 

27 0 

62 

480 

2 

3 X 10 ' 

97 6 ± 3 5% 

24 

19 1 

30 2 

6 1 


3 

Controls 

— 



15 6 

27 1 

3 4 

53 9 

4 

5 X 10-' 

84 3 ± 3 4% 

15 7 

17 8 

41 2 

26 


5 

7 X 10-' 

96 5 ± 3 0% 

3 5 

15 0 

41 0 

21 


6 

9 X 10-' 

93 6 ± 2 1% 

64 

17 3 

400 

I 8 



this increase The Carrel flask method m com- 
bination wth the Kodak record film techmque 
made it possible to count the mitoses hourly in 
unstained preparations, whereas m the hanging 
drop method stained cells are counted only after 
24 hours The film showed that some cells 
remained in metaphase for 8-12 hours and that 
other cells never completed cell division In the 
24-hour penod used in the hanging drop method. 


therefore, not only the cells which are gomg into 
division are counted but m addition those which 
persist in metaphase Thus the Kodak record 
film technique gave clear evidence that the increase 
of the mitotic count after 24 hours consisted in an 
accumulation of metaphases 

Abnormal cells were found at all concentra- 
tions , they were confined mostly to clumped meta- 
phases Enlarged and vacuolated cells were 
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Fig 2 — Mitotic inhibition plotted as percentage of 
controls against the loganthm of the concentration 
of citracommide 

f 

present At 1 x 10 *M, the lowest concentration 
investigated, a few^ tnpolar cells (3 m 470 meta- 
phases), fragmented chromosomes, and chromo- 
some bridges (10 m 142 anaphases) were observed 

Citracommide (H , R = CH,, Ri = H) 

Qtracommide had the strongest antimitotic 
properties of the substances of this group The 
mitotic inhibition mcreased with rismg concentra- 
tion At 3 X 10 ‘Af the inhibition was 61 8 per 
cent The increase followed closely a logarithmic 
graph when plotted against the log,, of the concen- 
trations (Fig 2) Microscopically no abnormali- 
ties were found in significant quantities 

N-ethylmaleimide (III , R = H, R, = C-H,) 
N-ethylmaleimide showed increasing antimitotic 
activity from 04 x 10®Af to 2 x 10 ®Af , at the 
latter concentration 50 8 per cent inhibition was 
observed A further nse in concentration did not 
lead to greater inhibition Microscopically, no 
abnormalities in significant numbers are present 

Succimmide (IV) 

Succimmide showed no mitotic inhibition and 
no abnormal cells were observed 

Sulphydryl Uptake 

In a previous paper (1948b) we drew attention 
to a parallehsm between mitotic inhibition and 
-SH uptake, which was clearly evident m the 
maleic acid senes In order to ascertain whether 
a similar parallelism could be established in the 
maleimide senes, w'e miestigated the -SH uptake 
of maleimide, citracommide, and of N-cthylmalc- 


imide, usmg thiolacetic acid and glutathione as 
-SH donors and following the directions given 
by Morgan and Friedmann (1938) for maleic acid 
and these two -SH compounds 
At room temperature and at a final concentra- 
tion of Af/50 for each component, maleiimde 
took up 100 per cent of thiolacetic acid and 100 
per cent of glutathione withm 2 mm Citracon- 
imide took up 70 per cent of thiolacetic acid and 
75 per cent of glutathione withm 3 mm After 
this quick uptake the reaction slowed down and 
the curves representing it become asymptotic 
N-ethylmaleimide behaved like maleimide and 
showed 100 per cent -SH uptake from thiolacetic 
acid and glutathione within 1 mm 

Fig 3 demonstrates the -SH uptake from gluta- 
thione as -SH donor with maleimide and citra- 
conimide as -SH acceptors at room temperature 


I 



2 4 6 8 I 'o 12 N 16 I’s 20 
TIME (MIN ) 

Fig 3 — SH uptake of maleimide and citracommide 
Curve 1 roalemude and glutathione, final concen- 
tration Af/50 Curve 2 citracommide and gluta- 
thione, final concentration Af/50 
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Discussion 

Of the four substances investigated, three are 
unsaturated and only one, succinimide, is satu- 
rated The three unsaturated substances, rtialeimide, 
citraconimide, and N-ethylmaleimide, have anti- 
mitotic properties, whereas the saturated com- 
pound, succinimide, is devoid of antimitotic 
activity These mitotic inhibitors share with the 
other mitotic inhibitors, encountered previously — 
I e , maleic acid and the 1 4-naphthoquinones 
— the property of formmg -SH adducts. 

The -SH uptake of the maleimides is extremely 
rapid compared with the -SH addition to maleic 
acid Ml 25 maleic acid needs 6 hours for a 50 
per cent -SH uptake from Ml 50 thiolacetic acid 
and M/50 glutathione, whereas maleimide and N- 
etfiyfmafeimia’e accompfish a fiJO per cent -Sff 
uptake from the same substances in 1-2 min and 
citraconimide a corresponding uptake of 70 per 
cent in 3 min It will be seen that the introduction 
of a methyl group m maleimide decreases the -SH 
uptake as shown by citraconimide 

The mitohc inhibition of the imides exhibits 
a picture which is very different from the mitotic 
inhibition observed m the maleic aad group 
Maleimide is less active than maleic acid, whereas 
citraconimide is quite active, although the free 
acid was mactive The readmess of the male- 
imides to add sulphydryl compounds and the 


presence of glutathione m the medium used for 
the tissue cultures (Berger and Peters, 1933) may 
show the way for a reasonable explanation of 
these results Experiments in this direction are m 
progress 

Summary 

1 The antimitotic activity of maleunide (I), 
citraconimide (II), N-ethylmaleimide (HI), and of 
succinimide (TV) has been tested m tissue cultures 
of chick fibroblast The unsaturated imides 
(1, U, III) were active in the concentration 
range of 10 ‘M The highest activity was shown 
by III, the methyl derivative of maleimide The 
saturated imide (TV) was mactive 

2 The -SH uptake of the unsaturated imides 
has bees detersssed The introduction of a 
methyl group in maleimide decreases its reactivity 
towards -SH compounds 

One of us (E F ) IS indebted to Messrs May and 
Baker, Ltd Dagenham, Essex, for financial support 
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“CONSTANT FLOW” ORGAN-BATH TECHNIQUES 

/ 

BY 

F N FASTffiR* AND C S W REID 
From the Department of Medicine, Otago University, New Zealand 

Oleccived October 27, 1948) 


It has remained the common practice, smce 
Magnus (1904) first showed that an excised stnp 
of intestme would continue its rhythmic contrac- 
tions if suspended in warm oxygenated Ringer- 
Locke solution, to change the contents of an organ 
bath by a series of washmgs A drug is injected 
to give g known final concentration, rapid mixing 
bemg brought about by the stream of oxygen 
bubbles passmg up through the bath , then, when 
the response of the muscle has been recorded, the 
solution IS flushed out and replaced with fresh 
Ringer-Locke solution Good techmques of this 
kind have been described recently by Chen, Ensor, 
and Clarke (1948) and by Miller, Becker, and 
Tainter (1948) 

That It might be advantageous for some pur- 
poses to change the contents of an organ bath 
gradually instead of mtermittently xiccurred to us 
in the course of expenments in wluch blood vessels 
were perfused at a constant rate These studies 
(Fastier, 1948 , Fastier and Reid, 1948) suggested 
that the duration of pharmacological effects 
observed under such conditions might be no 
less significant than their imtial magnitude , for 
when a common site of action is indicated, the 
more active of two stable drugs is likely to be the 
one whose structuralTeatures, apart from provid- 
ing the necessary “ active groups,” permit stronger 
adsorption at fee site of action (Albert, 1944, 
Pfeiffer, 1948) It seemed important to check fee 
idea that at least some of the drugs wh ch have 
lasting effects upon preparations of this type are 
ones which are retained tenaciously by the muscle 
in the face of const&nt washing with the perfusing 
salt solution Accordingly we sought a technique 
which w'ould enable the outflowing Ringer’s solu- 
tion to be collected for analysis at fee same time 
as the pharmacological effects of an added drug 
were being recorded 

•Prcsint address Department of Pharmacolccj Oxford 


The first type of apparatus devised for the purpose 
utihzed a constant output pump (Messrs Palmers’ 
model F31), and the most compact form is illustrated 
m Fig iB Well-oxygenated Ringer’s solution is 
pumped from the reservoir R mto the thermostatic- 
ally controlled vessel V, which in turn maintains a 
constant temperature m the small organ bath B 
Ringer’s solution is forced into the bath 5 at a con- 
stant rate via the rubber tubing I, which also provides 
a convenient site for the injection of drug solutions 
We have found that even when fee pendulum move- 
ment of a muscle stnp is quite vigorous, reasonably 
constant changes in tonus can be obtained by inject- 
ing such drugs as adrenaline, histamine, and acetyl- 
choline in fixed small doses (Fig 2) A good base-lme 
IS provided meanwhile by the general level of tonus 
The Ringer’s solution finally escapes through the over- 
flow O, where successive portions may be collected 
for analysis 

The arrangement shown in Fig 1a does not require 
a mechanical pump, a steady flow of Ringer’s solution 




Fig 1 (schematic) — ^Two types of apparatus permitting 
a slow, steady flow of Rmgers solution through 
organ baths (15 1 and B,) 
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Fig 2 — ^Facsimiles of kymograph records obtamed by 
means of constant flow organ-bath techmques 

(а) Rabbit ileum washed with Ringer-Locke 
solution The mcreases m tonus were produced 
with 0 2 fig doses of acetylcholine injected at 
3 -mm mtenl^ Pumpmg rate 30 c c per mm 

(б) Gumea-pig ileum w^ed with Krebs-Hense- 
leit solution Histanune (5 /ig ) mjected at 4-mm 
mtervals “Anthisan” (50 jtg ) injected at the arrow 
1 mm before the fourth injection of histamine 

(c) Frog sartonus stimulated electncally at 10-sec 
intervals Guamdme hydrochlonde (A// 100) added, 
to the perfusing Rmger-Harvey solution at the 
arrow The effect of the stimulus is soon potentiated 

bemg secured by means of the Manotte bottle Af 
The screw-clamp C adjusts the output After passing 
through the spiral 5 m the thermostatic bath T, the 
Ringer’s solution dnps mto the receiving chamber J 
where it may be furAer oxygenated before it reaches 
the preparation Drugs are injected here In order 
to decide upon the best shape for the bath it has 
been found helpful to watch how a small quantity 
of mjected dyestuff streams past the preparation , this 
shows whether a drug solution will be distributed 
satisfactorily m transit 

To what extent the vanous principles followed 
— constant flow of Ringer’s solution, “ external ’ 
oxygenation and addition of drugs, the stnp fill- 
ing up most of the bath and always immersed in 


Ringer’s solution — have been used previously, has 
proved almost impossible to ascertam. This is due 
not only to the widespread use of organ-bath tech- 
mque but also to the relative infrequency with 
which it has been described on its own account 
In a paper on the assay of substances liberated 
from adrenergic nerves, Gaddum, Jang, and 
Kwiatkowski (1939) have shown that it is very 
convement to dnp the perfusate from the organ 
under investigation on to a stnp of hen’s rectal 
caecum Later Kwiatkowski (1941) successfully 
modified this dnpping technique for the assay of 
histamine More recently Sch'ld (1947) has well- 
mgh perfected a method based upon the removal 
by suction of the excess of Ringer’s solution enter- 
ing a bath from a reservoir , he has also demon- 
strated the advantages of adding an antagonist 
drug to the bath fluid before it reaches the gut 

Summary 

It has been found advantageous for some pur- 
poses to change the contents of an organ bath 
gradually instead of intermittently Two types of 
apparatus based upon this principle are described 

This work was aided by a grant from the New 
Zealand Medical Research Counnl 
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During the past few years much new work on 
anticholinesterase substances has been published as 
a result of the new mterest m the subject produced 
by the discovery of du^opropylfluorophosphonate 
(DFP) by McCombie and Saunders (1946) Many 
discrepancies of detail between the behaviour of 
individual cholinesterase inhibitors have been noted 
and have occasioned senous doubts as to the vahdity 
of the hypothesis that the physiological action of 
these substances is solely a consequence of cholin- 
esterase mhibition One source of error was greatly 
clarified by Mendel and his co-workers (Mendel, 
MundeU, and Rudney, 1943, Mendel and Rudney, 
1943 and 1944, Hawl^s and Gunter, 1946, Haw- 
kins and Mendel, 1947), who showed that the term 
“ cholinesterase ” has been apphed m the past to 
enzymes of two, and possibly more (Augustinsson, 
1948), disbnct enzymological species — termed by 
them “ true ” and “ pseudo ” chohnesterases, 
distinguishable by specific substrates They have 
sho\vn that these enzyme types differ stnkmgly in 
then* distnbution, their sensitivity to inhibitory 
agents, and their optimum substrate concentrations, 
and that the appearance of the pharmacological 
effects of antichohnesterases is related to inhibition 
of the “ true ” chohnesterase Only when the 
physiological response measured is that to acetyl- 
choline earned by the blood stream does the 
pseudochohnesterase m the plasma seem to be 
important (Heymans, Verbeke, and Votava, 1948) 
m determming the magnitude of acetylcholme 
responses Despite this very important advance 
many anomalies remain to be explamed, and it is 
the purpose of this paper to discuss the lonetics of 
cholinesterase inhibition by vanous agents and the 
light this sheds on our mterpretation of chohn- 
esterase inhibition under strictly physiological 
conditions Some aspects of the kinetics of 
cholinesterase activity and inhibition have been 
considered by a number of workers (Straus and 
Goldstein, 1943, Goldstein, 1944, Mazur and 


Bodansky, 1946, Nachmansohn, RothenbuTg, and 
Feld, 1947, Augustmsson, 1948, Brauer, 1948, 
Jansen, Nutting, and Balls, 1948 , Mackworth and 
Webb, 1948, Nachmansolm, 1948), but there has 
been little attempt to mterpret these results in terms 
of prevaihng physiological cucumstances, and m 
consequence the design of experiments on chohn- 
esterase activity 'has usually been madequate to 
provide relevant data In the account that follows 
attention will be concentrated on the contrast 
between the modes of action of the two mam groups 
of antichohnesterases, typified by eserine and tetra- 
ethyl pyrophosphate, with notes on such differences 
from these patterns as are found with other inhibitors 

Materials and Methods 

The enzyme preparaUons used were, (I) fresh oxalate 
human plasma which contains predommantly pseudo- 
cholinesterase, (2) washed human red blood cells, lysed 
by the addition of 4 volumes of 0 025M NaHCOj, 
contaimng only true cholinesterase, (3) m some experi- 
ments a highly purified bovme red cell true cholinesterase, 
obtained from Dr M L Tainter, has been used, each 
mg of which could hydrolyse 3 mg of d(_+) acetyl-p- 
methylcholine chlonde per minute The activity of the 
enzyme was estimated m the Warburg manometne 
apparatus with 0 025 Af NaHCOj as medium equilibrated 
with 95 per cent N- -F 5 per cent CO 2 gas mixture at 
37° C The enzyme solution was normally placed in the 
main compartment of the \essel, and the substrate and 
inhibitor, each dissolved in 0 2 ml of bicarbonate 
solution, were placed in separate side arms The total 
volume of fluid used was always 3 ml The usual final 
concentration of substrates were 0 025Af ^//-acctyl-p- 
methylchohne chlonde, 0 007 Af benzoylchobnc chlonde, 
and 0 02j\P acetylcholine chlonde Where other con- 
centrations of substrate ha\e been employed they arc 
mentioned m the text In all experiments corrections 
for non-cnzymic hjdroljsis of the substrate were applied 
Dilute soluUons of the cnz>'me inhibitors have been 
made immediatclv before use from stock solutions, or 
waih tetraethvlpyrophosphatc (TEPP) and diucTpropyl- 
fluorophosphonate (DFP) from the pure substances 
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Results 

There is a tendency in pharmacology to assume 
an identical mechanism for two drugs that have 
similar actions if their dose-response relationships 
are similar In Fig 1 data for eserine and TEPP 
inhibition of true chohnesterase are given Apart 
from the curve for TEPP being much steeper than 



Fig 1 — Human red cell cholinesterase Substrate 
0 025M acetyl-{S-methyl choline chlonde Incuba- 
tion of inhibitor and enzyme for 20 min before 
addition of substrate Ordinates velocity of 
hydrolysis of substrate as percentage of uninhibited 
control rate Abscissae concentration of inhibitor 
in g /ml (a) Anthmebcal scale, (b) log scale 

that for eserine and consequently appearing nearly 
linear over the range 0-70 per cent inhibition, there 
IS nothing in such data to suggest the striking 
difference in kinetics of action tl^at will be discussed 
Such differences of dose-response slope are very 
commonly encountered in pharmacology among 
apparently closely related drugs, notable examples 



Fig 2 — Human red cell cholinesterase Substrate 0 
7 X 10-‘ g esenne sulphate/ml Ordinates percentage 
in mm after addition of inhibitor 
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being found , m the central analgesic and local 
anaesthetic senes, without arousing any doubts as 
to a unitary mechanism of action It should be 
noted that this steep dose-response curve may 
account for a feature of TEPP action — namely, that 
its pharmacologically effective dose is much closer 
to the lethal dose than is the case with esenne or 
prostignune 

Kinetics of Esenne Action 

(a) Rate of combination of eserine and enzyme in the 
absence of substrate 

At present it is not possible to measure this 
reaction directly, it can only be inferred from 
indirect data If esenne is left in contact with the 
enzyme for 1, 5, or 20 mm at 37° C before 
adchpon of substrate the subsequent rates of 
hydrolysis are indistinguishable, but such informa- 
tion IS not helpful The rate of combination in the 
absence of substrate — i e , under non-competitive 
conditions — however, mu^t be faster than in the 
presence of substrate It wiU be seen m the next 
section that under these conditions combination — 
occurs fairly rapidly 

(h) Rate of combination of eserine and enzyme in the " 
presence of substrate 

Fig 2 shows some typical results illustrating the 
rapidity with which esenne reacts with cholinesterase 
when It IS actively splitting acetylchohne , it will be 
seen that an equilibrium rate is reached m about 
10 min after addmg esenne The rate at which 
equilibnum is reached is dependent, however, on 
the concentration of inhibitor employed , with lower 
concentrations the rate is slower, as was predicted 
on theoretical grounds by Goldstem (1944), but a 
steady state is finally attamed whose position is 
determmed competitively by the concentrations- of 
inhibitor and substrate 


M • 

1 1 —r 
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in minutes 

02Af acctylcholme chlonde At zero time addition of 
of activity before addition of inhibitor Absassac tune 
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(c) Rate of dissociation of eserme-eiiDme complex in 
presence of substrate 

When substrate iS added to a mixture of enzyme 
and inhibitor the enzyme-inhibitor complex is 
decomposed accordmg to the Michaelis-Menten 
equilibrium as follows 

£I^E + I (i) 

E + S ^ES (ii) 

where E — free enzyrne concentration , / = free 
inhibitor concentration , S — free substrate con- 
centration , El == inhibitor-enzyme complex , ES = 
enzyme-substrate complex, and the velocity of 
acetylcholine hydrolysis is dependent on the con- 
centration of ES Fig 3 illustrates an expenment 
designed to examine the velocity of this change 
The initial measured rate of hydrolysis was less than 
12 per cent of an uninhibited control, and the shape 
of the curve would suggest that under these experi- 
mental conditions the control value was probably 
'not much less than this, but it has not been found 
possible to obtain reliable figures in the first 1-2 
minutes owing to insufficient lapse of time for the 
attainment of temperature equilibrium Over the 
succeeding 50 mm the rate gradually rose until 


it reached an equilibrium rate which was 58 per cent 
of the control The rate of attainment of equilibrium 
IS dependent oil the concentration of inhibitor and 
substrate employed — in particular low substrate 
concentrations prolong the period to equilibration 
and high substrate concentrations speed it up The 
initial value obtained is, however, virtually inde- 
pendent of substrate concentration and is presumably 
dependent purely on the position of equilibnum in 
equation (i) before substrate competition has 
appreciably shifted it The final equilibrium level 
of activity reached is, however, influenced by both 
inhibitor and substrate competitively 
It IS clear that values obtained for cholinesterase 
inhibition will vary according to the arbitrary 
conditions selected Equilibrium values will depend 
both on substrate •concentration and the substrate 
employed The higher the substrate concentration 
(Fig 4) the smaller the degree of inhibition 
^f-Acetyl-p-methylcholine, which is employed as a 
specific substrate for “ true ” cholinesterase, has a 
lower affinity for the enzyme than acetylcholine, 
and m consequence eserine shows a greater equili- 
bnum inhibition of cholinesterase with acetyl- p- 
methylchohpe than with acetylchohne as substrate 



ESERINE 1 73 x 10 


■—\17o = 73 X 10-' ESERINE 


20 30 5 ^ 

Time in minutes 


Fig 


3 — Human red cell 
cholinesterase I n - 
cubated for 20 min 
with 1 73 X 10 • g 
esenne sulphatc/ml 
At zero time addition 
of 0 005 M acetyl- 
choline chloride as 
substrate Ordinates 
activity as percentage 
of uninhibited control. 
Abscissae Uw/t m 
minutes after addition 
of subitratc 


T" 

80 
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“■J 0-1 MS m5 mu M04 M03 

Molar conoentration of acetylcholine 

Fio 4 — Human red cell cholinesterase Substrate 
acetylcholine chloride Lower curve Ordinates 
velocity of acetylcholine hydrolysis in fil COi 
evolved/10 mm at equihbnum Absassae 

molanty of acetylcholine • • without addi- 
tion of eserme O O with 1 7 x 10*’ g 

csenne sulphate/ml Upper curve Ordinates 
percentage inhibition of chohnesterase by eserme 
Abscissae molanty of acetylchohne 

If, however, other than equilibnum conditions are 
considered the situation becomes chaotic Many 
authors have reported results obtained in the first 
nventy or thirty nunutes after adding substrate, but 
these data are influenced m such a complex way by 
both inhibitor and substrate concentration that them 
quantitative value is very doubtful It would be of 
value to be able to determine the degree of non- 
competitive inhibition since this is unaffected by 
substrate concentration, but the experimental difiS- 
culties make the values only approximate, as they 
are necessanly obtained by extrapolation 
It is important to correlate these in vitro data 
with physiological events The view that acetyl- 
choline acts as a synaptic transnutter, accepted by 
most workers, requires that when no impulse is 
being transmitted at the synapse either no or an 


extremely small amount of acetylchohne leaks out 
of the cholinergic nerve terrmnals, whereas with the 
passage of an impulse a relatively large amount of 
acetylchohne is hberated and is present at the 
synaptic region for a penod of milhseconds This 
means that m the qmescent synapse we have essen- 
tially non-competitive conditions for chohnesterase 
inhibition When acetylchohne hberation occurs its 
persistence is very brief compared with the long 
penod required to estabhsh competitive equilibnum, 
and IS certainly insufficient to allow for more than a 
very small displacement of the inhibitor to occur 
It would seem, therefore, that Ihe equdibnum value 
discussed above grossly underestimates the effect of 
eserme under these conditions The data m Fig 3 
show that the concentration of esenne employed, 
(1 7 X 10-») produced only 42 per cent inhibition of 
the enzyme at equffibnum but produced at least 
88 per cent inhibition under non-competitive 
conditions To produce 88'per cent inhibition at 
equihbnum would require more than forty times as 
much eserme as was added A further factor may 
come mto play when the enzyme is greatly inhibited, 
since owmg to the decreased rate of hyffi'olysis the 
acetylcholme concentration may nse sufficiently to 
cause some competitive decrease of the inhibition 
In a prolonged nerve tetanus this displacement will 
increase durmg the course of the tetanus as acetyl- 
choline accumulates and will reach an equilibnum 
value if the tetanus is of sufficient duration, but the 
position that this equihbnum is likely to reach 
cannot be estimated owmg to our complete ignorance 
of the effective acetylchohne concentrations attamed 
at the sites of chohnesterase activity m the S 3 mapse 
Another important aspect of these fast reactions 
has never been considered in connexion wth 
chohnesterase, and that is the biphasic character of 
enzymic hydrolysis required by the Michaelis- 
Menten theory The reaction occurs m two stages 

£:-f AcCh ^(iFAcCh) (1) 

A^RAc Ch) JJ-f Ac -f Ch (2) 

Stage (1) effectively removes acetylcholme without 
breaking it down and hence is a reaction of primary 
importance m disposing of acetylchohne It is 
obvious that reaction (1) occurs m a shorter time 
than the overall reaction (1 -f- 2), and it is therefore 
of fundamental importance to know the relative 
rates of reactions 1 and 2 So far it has not been 
feasible to do this with chohnesterase, but we know 
from the direct measurements of Bntton Chance 
(1943, 1948) on peroxidase and catalase that the 
first reaction (E-f- B ^ EB) may be as much as a 
hundred times faster than the second reaction and is 
mainly hmited by probability considerations If 
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this state of affairs can be apphed to cholinesterase, 
It may be that the effective removal of part of the 
-hberated acetylcholme can occur extremely rapidly 
That this may" be so is supported by the recent 
work of Eccles and MacFarlane (1949) on the effect 
of antichohnesterases on the frog end plate potential 
They found that the upstroke of the end plate 
potential, which occurred m about 2 msec , rose 
higher and more steeply m the presence of anti- 
chohnesterases Considering the low temperature 
at which they were working (16-18° C) this time 
makes it probable that normally the formation of 
the enzyme-substrate complex is the most important 
factor in the imtial rapid removal of acetylcholme, 
and that providmg the enzyme capacity is adequate 
the actual hydrolysis of the complex is less important 
Antichohnesterases wiU, of course, inhibit this 
reaction m a non-competitive manner 

Neostigmme behaves in a very similar way to 
esenne m all the equihbna so far considered, but 
other reversible inhibitors may behave differently 
For mstance, “ 62C47 ” (bis-tnmethyl-ammophenyl- 
ethyl ketone diiodide, Clock and Mogey, 1948) 
reaches equihbnum more rapidly than esenne or 
neostigrrane, so that the equihbnum under physiolo- 
gical conditions may be more competitive than with 
eserme or neostigmme 62C47 is a less active 
inhibitor than eserme or neostigmme, and, as 
Goldstein (1944) has shown, the mass action velo- 
cities require that the less active a reversible inhibitor 
the more rapidly it should come into equihbnum, 
as IS found expenmentally 

Kinetics of TEPP Action 

(a) Rate of combination with the enzyme in the absence 
of substrate 

It IS very easy to measure the rate of combination 
of TEPP with cholmesterase, because, as will be seen 
later, not only is the reaction almost completely 
irreversible in vitro, but the progress of the reaction 
IS effectively blocked by addition of substrate 
When cholmesterase was incubated with TEPP the 
enzyme slowly decreased m activity (Fig 5) so that 
even after 40 mm the reaction was still proceed- 
ing, but at 2 hours little further inactivation was 
seen By this time the amount of available TEPP 
must have fallen considerably as a result of hydroly- 
sis, and this side reaction nuhtates against the 
continued progress of the reaction The initial rate 
of the reaction fits reasonably well the requirements 
for a bimolecular reaction Thus if TEPP is added 
to tlie enzyme before addition of substrate it is 
evident that the degree of enzyme inhibition found 
IS entirely dependent on the time of contact allow ed 
before addition of substrate This is in marked 



Fig 5 — ^Human red cell chobnesterase Substrate 
0 025 Af acetyl-p-methylchobne chlonde Incubation 
of 8 X 10'® g tetraethyl pyrophosphate/ml with 
enzyme before addition of substrate Ordinates 
activity as percentage of control Abscissae 
period of incubation of inhibitor with enzyme before 
addition of substrate 

contrast to the state of affairs with eserme In the 
experiment recorded m Fig 1 20 mm contact 
between enzyme and TEPP was allowed. The 
choice of this time was arbitrary, but it is evident 
that for results to be comparable the same time 
interval must always be used Actually, providmg 
at least 10 mm contact is allowed, the error m 
estimatmg the potency of TEPP wdl be relatively 
small owmg to the very steep concentration- 
inhibition relationship characteristic of this sub- 
stance It should be noted that DFP behaves very 
much m the same way as TEPP on the enzyme, but, 
as has also been found by Mackworth and Webb 
(1948), combines rather more slowly 

ib) Combination of TEPP with enzyme in the presence 
of substrate 

If the experiment illustrated m Fig 2 is repeated 
with TEPP as the inhibitor no detectable inhibition 
of chobnesterase results m the succeeding hour 
(Fig 6, 111), and even if TEPP and the substrate 
are added together very little inhibition results 
This blocking by substrate is seen when cither 
acetylcholme or acetyl- p^mcthylcholine is used as 
substrate for true cholinesterase Even if the 
concentration of TEPP is increased to 10-100 times 
that usually required to produce inhibition, either 
no or only slowly developing inhibition occurs 
With DFP and some other members of the group 
this IS by no means so, for instance, w-ith DFP 
some inhibition may gradually become apparent 
(Fig 6, IV) even with concentrations (0 02- 
0 08 tig./ml ) producing considerable inhibition in 
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TYPE III 


TYPE IV 



Fig 6 — Diagrammatic representation of the four main 
classes of cholmesterase inhibitors studied Ordi- 
nates percentage activity of enzyme Abscissae 
time in minutes S — *■ I means substrate added 

before addition of inhibitor S -> 100 I substrate 
added before 100 tunes the amount of inhibitor 
needed to produce adequate inhibition m absence of 
substrate I -*■ S inhibitor added before substrate 
The time of contact m minutes between inhibitor 
and enzyme, before addition of substrate, is shown 
m parentheses I = typical results obtamcd eserme, 
neostigmine, and ‘ Nu683 ”, II = results with 
“ 62C47 ” ra = with TEPP IV = with DFP 


the absence of substrate, and with higher concen- 
trations (2-8 [ig /ml ) inhibition appears quite 
rapidly despite the presence of substrate 

This blocking of TEPP inhibition by substrate 
may have some physiological significance It may 
mean that at an active syftapse the presence of 
acetylcholme may hmder the inhibitory effect of 
TEPP, so that the cholinesterase at that synapse is 
less inhibited than at a quiescent synapse This 
blockmg action of substrate for TEPP mlubition 
has been demonstrated clearly on the frog rectus 
abdominis preparation by Hobbiger (1949) 

Blocking of TEPP inhibition by other inhibitors 

The blockmg action tif substrate on TEPP is 
presumably due to competition for the stime active 
groups on the enzyme, and it was therefore of 
interest to see whether cholinesterase inhibitors, 
which have a far greater affinity for cholinesterase 
than acetylcholine, would be able to block these 
groups as well Fig 7 illustrates a typical experi- 
ment of this kind TEPP itself in a concentration of 
1 33 X 10->, when incubated with the enzyme for 
20 min , produced a 94 per cent inhibition 


(Fig 7, curve d) Curve b shows the inhibition 
produced by mcreasing concentrations of esenne 
alone, whilst curve c shows the effect of incubating 
the enzyme with eserme for 20 mm followed by 
incubation for 20 min with TEPP It will be seen 
that at all concentrations of esenne some degree of 
protection of the enzyme results which increases 
with the concentration of eserme Curve d is an 
expression of the percentage protection of the enzyme 
from inhibition by TEPP as a result of the prior 
contact of the enzyme with increasing concentrations 
of esenne , at a concentration of 1 0-' esenne protects 
the enzyme to the extent of about 90 per cent from 
TEPP inhibition It was also found that neostig- 
mine, Nu 683, 62C47, carbachol, and choline were 
more or less efficient in blocking the action of TEPP, 
but that NaF,. which by itself produces a 50 per cent 
inhibition of the enzyme at about 10-’ M, did not 
hinder TEPP inhibition and was in fact additive to it 
It is easy to test rapidly whether a cholinesterase 
mhibitor blocks the action of TEPP by using a 
concentration of the reversible inhibitor that 
produces about 50 per cent inhibition and a con- 
centration of TEPP that will produce 95-98 per cent 
inhibition in 20 min If the substance is active as a 
protective agent the total inhibition will he between 
50 and 90 per cent KoeUe (1946) also showed that 
•eserme, neostigmine, and to some extent carbachol 
could protect cholinesterase from irreversible inhibi- 
tion by DFP He was unable to show protection by 
acetylcholme or acetyl- (J-methylcholme vsnth his 
technique, which consisted of exposure of the enzyme 
to the protectmg agent, followed by exposure to 
DFP for 30 mmutes and subsequent dialysis against 
runnmg water His figures for inhibition of enzyme 
before dialysis, however, show clearly the effect of 
substrate described above Koster (1946) has also 
shown that esenne has a protective action against 
DFP poisonmg in vivo, and this has been confirmed 
by others 

The blocking of inhibitor action by substrate 
throws considerable light on the mechanism of the 
anticholmesterase action 'of the alkyl phosphate 
group of inhibitors These agents might act in 
three ways (a) a chemical reaction might occur 
between enzyme and inhibitor involving inactivation 
of both, (6) a chemical reaction might occur m 
which the effect of the inhibitor was catalytic and 
only the enzyme was changed, or (c) an initial 
reversible physical adsorption of inhibitor on the 
enzyme might occur followed by either (a) or (b) 
Nachmansohn, Rothenburg, and Feld (1947) have 
presented evidence that the inhibition of cholm- 
esterase by DFP is biphasic, with an early reversible 
phase and a later irreversible phase The data just 
presented support and extend this view The 
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Concentration of esenne 


Fig 7— Human red cell cholinesterase Substrate 0 03M acetyl-P-methylcholine chloride 
Ordinates (left) percentage activity of erayme Abscissae concentration of added esenne 
sulphate Curve (o) activity after incubaUon for 20 min with 1 33 x 10-® g TEPP/ml 
(6) activity after mcubation for 20 min mtb esenne sulphate JEquilibnum velocities 
(c) mcubation with esenne sulphate for 20 mm followed by 1 33 y 10-® g TEPP/ml 
for 20 Equihbnunt veloaties (d) percentage protection by esenne of the cholin- 

esterase from inactivation by TEPP (nght-hand ordinates) 


blocking action of substrate is presumably due to 
the inability of TEPP to react with other than free 
enzyme centres According to Michaehs and Menten 
(1913) the amount of free enzyme available is 
governed by the adsorption equilibnum 

£ -I- S ^ E5 

For a given substrate concentration the proportion 
of cnzjTTie molecules uncombined (E) at any 
instant is fixed, and for the substrate concentrations 
used in our expenments is only a small proporUon 
of (he total available enzyme If the rate of enzyme 
inactivation by alkyl phosphates depends entirely on 
the number of free enzyme centres, blocking by 
substrate should occur equally against DFP and 
TEPP, but this IS not so If, ho\\e\er, a reversible 
competitive combination is a preliminary to irre- 
versible inactivation a second equilibrium will be 
involved 

E-i- I ^ El 

and the rate of inactivation of enzyme m the 
presence of substrate will be influenced fay the 
dissoaation constant of £/ which will determine the 
amount of £/ formed m the overall compictitive 
reaction 

ES+ I ^E/~rS 


and just as with purely reversible inhibitors, a small 
dissociation constant for El will favour its formation 
and a rmmmal blocking action by substrate, whereas 
if the dissociation constant is large— i e , the affinity 
of enzyme for inhibitor is small— the blocking action 
by substrate will be considerable The different 
ease of blocking with substrate can be explained if 
TEPP has a low adsorption affinity whereas that of 
DFP IS high The potency of an alkyl phosphate 
inhibitor thus depends on (a) the adsorption 
affinity, (h) the rapidity with which irreversible 
mactivation is produced m the enzyme-mhibitor 
adsorption complex It remains to be established 
whether the second process is catalytic or involves 
the disappearance of inhibitor Brauer (1948) has 
indicated that TEPP becomes no longer available 
when it IS treated with cholinesterase The quantita- 
uve nature of this change has been investigated as 
follows 

A constant amount of TEPP (final concentration 
25 X 10-') was incubated with 0 02-0 5 mg of 
purified cholinesterase per ml at pH 7 2 and 37" C 
for 30 min controls were simultaneously run 
containing either cholinesterase alone or 0 5, 1 0, 
and 2 5 X 10-* TEPP alone After 30 min the pH 
was brought to 3 5 to 4 0 and the solution heated 
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at 96° C for 3 mm This procedure has been 
found to destroy the residual chohnesterase activity 
completely whilst causmg only very sbght breakdown 
of TEPP The solutions were then cooled and the 
pH adjusted to 7 2 One ml of each solution was 
then incubated with 0 02 mg of chohnesterase for 
30 mm and the resultant acbvity of this mdicator 
enzyme determmed. The results obtamed are 
illustrated m Fig 8 (a), which shows that the more 
chohnesterase present mitially the less the inhibition 
of the mdicator enzyme In order to determme 
whether these results could have been due merely to 
mcreasmg protein concentration, the latter was held 
constant by addmg to each tube a large excess of 
crystalhne serum albumin , this procedure made no 
difference to the values obtamed Further evidence 
of the specificity of the reaction was obtamed by the 
failure of either albumin alone or heat-denatured 
chohnesterase to decrease the_ available TEPP 
These results fully confirm the experiments of 



cholinaw^e 


Fig 8 — ^Purified bovine red cell chohnesterase Sub- 
strate 0 025Af acetylcholine chlonde (a) Ordmates 
percentage acUvity of test enzyme Abscissae 
/ig chohnesterase added iniUally (experiment 
descnbed m text) (6) Ordinates /ig TEPP 
inactivated Abscissae /ig cholinesterase added 
initially 

Brauer (1948) Fig 8 {b) relates the amount of 
chohnesterase added m the experiment of Fig 8 (a) 
to the amount of TEPP that has become unavailable 
as estimated by inhibition of the mdicator enzyme 
It will be seen that the relationship is approximately 
hnear, 1 mg of chohnesterase removmg about 
0 034 |ig of TEPP under these conditions A purely 
catalytic role of TEPP m the cholmesterase macbva- 
tion IS thus excluded, and it is mterestmg to note 
that when the enzyme is heat-acid-denatured it 
loses Its abihty to combme with the aDcyl phosphates 
as well as its enzymatic activity, and this argues 
further for the specificity of the chemical reaction 
m\ol\cd 

If the biphasic interpretation of the action of the 
alkyl phosphates is correct, what is the nature of 


the secondary reaction ? All the active members of 
the senes contam the groupmg 

(a) R 

‘ A\- 

where the groups R and R' may be a vanety of 
structures and still retam activity, although the 
most active compounds are those m which R and R' 
contam short alkyl chains X is always a poten- 
tially acidic radicle so that the bond (a) is analogous 
to that m an acyl anhydnde or hahde and conse- 
quently rather less stable than the alkoxy or amido 
bonds jommg R and R' to the phosphorus In 
view of this basic unit the most likely chemical 
change is a phosphorylation of the enzyme trans- 
ferrmg the 

R 

V 

radical to some polar groupmg on the enzyme 
Most of the really active inhibitors are only weak 
phosphorylatmg agents, and m general mcreasmg 
reactivity of the bond (o) decreases anticholin- 
esterase activity , thus diiropropylchlorophosphonate 
IS a much more active phosphorylator than dvso- 
propylfluorophosphonate and yet is far less active 
as a cholmesterase inhibitor, m the senes dimethyl-, 
diethyl-, and diuopropyl-fluorophosphonates the 
reactivity of bond (o), assessed by ease of hydrolysis, 
decreases m that order, yet the anticholmesterase 
activity increases m the same duection (Mackworth 
and Webb, 1948, Mazur, 1946) This is not 
always true , for instance, m the senes of tetra-alkyl 
pyrophosphate denvatives m which one or both 
(P = O) groups are replaced by (P = S) the chemical 
reactivity falls as well as the anticholmesterase 
acitmty It would appear that there is an optimum 
reactivity m the bond (a) which may be explained 
m the following way Provided that the adsorptive 
aflSnity for the enzyme remains unchanged, if bond 
(a) IS made more reactive the rate of reaction with 
the enzyme will be mcreased, but the rate of non- 
specific actions such as phosphorylation of random 
ammo, hydroxyl, or phenohe groups m the protein 
rhay also mcrease, as will hydrolysis by water 
molecules These side reactions wiU divert some of 
the active agent — an important matter with sub- 
stances effective at very low concentrations In 
order to explam the selectivity of the alkyl phosphates 
it IS reasonable to assume that the adsorption 
complex of enzyme and alkyl phosphate introduces 
stram m bond (a) and thus facilitates phosphoryla- 
tion by these weak acylatmg agents 
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There are two alternative chemical reactions that 
may be considered bnefly The group X may 
combme "with the enzyme, this is improbable 
because of the vanety of chemical groups that are 
active m this part of the molecule, examples are 

F— , Cl—, ^ O— and (CjHsO): P— O— 

O 

These groups differ greatly in chemical properties, 
and a mechanism which mvolves that they should 
all be highly active is clearly less probable than the 
relatively homogeneous mechanism suggested here 
It IS just possible that an alkylation is mvolved 
R 

X — P transferring R or R', 

II \ 

O R' 

but these bonds are very stable to acid and alkaline 
hydrolysis, unlike bond (a) Further R and R' may 
be alkoxy or dialkylamino without a very large 
change m acti\aty and yet the groups to be trans- 
ferred are vastly different in chemical potenuahties, 
finally dialkoxy-, alkyl-, or aryl- phosphonates which 
have similar ester bonds but no anhydride structure 
are quite inert as cholmesterase inhibitors 
Brauer (1948) rejected the phosphorylation hypo- 
thesis on the basis of experiments with HETP (a 
imxture of alkyl phosphates obtamed by heating 
ethyl phosphate ^vlth P.Ob or POCh, whose mam 
active constituent is TEPP) labelled with P’-, m 
which he was unable to demonstrate association of 
the labelled phosphorus wth the enzyme His data, 
however, show that his preparation of labelled 
HETP contained only about 0 1 per cent of material 
active against cholmesterase, the association of this 
small amount of material with the enzyme would 
not be detectable under his experimental conditions 
Michel and Krop (1949) have recently earned out 
a model experiment of this kind usmg DFP labelled 
with P” and electrophorus cholmesterase They 
found that the P^® of labelled DFP was precipitated 
with the cholinesterase by tnchloracetic acid and 
the amount precipitated was proportional to the 
amount of cholmesterase added and to, the degree 
of cholmesterase inhibition, 1 mg of completely 
inactivated cholmesterase contained the phosphorus 
firom 0 1 (ig DFP, and when allowance is made for 
the difference of enzyme activity and the molecular 
weights of DFP and TEPP this figure is very close 
to the one we obtamed for TEPP and red cell 
cholmesterase by the indirect method It can be 
taken therefore that members of the alkyl phosphate 
group inhibit cholmesterase by dialkylphosphoiyla- 
tion of the enzyme _ 


In the past it has been assumed that both acetyl- 
chohne and chohnesterase inhibitors combme with 
cholmesterase by virtue of the positively charged 
nitrogen, and it has been difficult to fit the alkyl 
phosphates into this pattern smee they are pre- 
dominantly negatively charged molecules and have 
no basic nitrogen Adams (1949), however, has 
found that the essential feature of a substrate 
for true cholmesterase is the presence of an acetyl 
group, and that 3 3-dimethylbutyl acetate, which 
m general configuration strikingly resembles acetyl- 

CH, 

XF 

CHs— N— CHjCH.O CO CH3 
/' 

CHb Cl— 

Acetylchobne chlonde 

CHa 

CHj^— CHjCHjO CO CH3 



3 3-DimethylbutyI acetate 

cholme and yet lacks the quaternary nitrogen, 
is split almost as fast as acetylchobne This work 
strongly suggests that combination with the enzyme ' 
occurs through the negatively charged ester hnkage 
which IS, of course, present in the alkyl phosphates 
It IS well knotvn that carbamyl groups are isoslenc 
with acetyl groups and hence the activity of the 
carbamyl esters may be explained without recourse 
to the basic mtrogen Bloch (1939) argumg m this 
way prepared the acetyl and wobutyryl esters of 
m-hydroxyphenyltnmethylammomum (the basic half 
of neostigmme) and foimd these esters were active 
antichohnesterases 

Another aspect of the problem is the stabflity of 
the inhibited complex Whereas both DFP and 
TEPP ultimately form apparently irreversible com- 
plexes with cholmesterase in vitro, the effects of 
TEPP are much shorter m duration than those of 
DFP m VIVO If the radical transferred to the enzyme 
were the same, the rate of recovery from the action 
both m VIVO and m vitro would be the same, and 
hence the difference m duration of action between 
DFP and TEPP may be due to the difference between 
the dujopropylphosphoryl and the diethylphos^hoiyl 
radicals If this theory is correct, the cholmesterase 
inhibition produced by diethylfluorophosphonate 
should be similar m duration to that produced by 
TEPP, and conversely the inhibition produced by 
tetraiiopropylpyrophosphate should be similar m 
duration to that of DFP 

In support of this hypothesis may be quoted the 
followmg comment from Saunders and Stacey (1948), 
who compared the actions of diwopropyl-, diethyl-. 
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and dimethyl-fluorophosphonates on the eye, “ We 
observed as early as 1941 that the dimethyl and 
diethyl esters produced a far less intense miosis than 
the di/jopropyl ester The effects of the dimethyl 
compound wore off in a matter of hours whereas 
that of the diethyl compound usually lasted about 
2 days ” The diwopropyl ester produced 
effects lasting usually for 7 days In the cat we 
(Burgen, Keele, and Slome, 1949) found that the 
miotic effect of TEPP lasted about 1-2 days 
Experiments in progress m this laboratory have 
shown in agreement with this theory that diisopropyl 
phosphoryl esters of different types have very 
similar durations of action to DFP, whereas other 
diethylphosphoryl esters have resembled TEPP in 
duration 

The breakdown of the dialkylphosphoryl-enzyme 
mav be simply a matter of slow uncatalysed hydro- 
lysis and if so the irapropyl group would be expected 
to have a retarding influence on the reaction, 
alternatively the breakdown may occur through the 
operation of a phosphotnesterase Aldridge (1949) 
has discovered a widely distributed enzyme in animal 
tissues which will hydrolyse diethyl p-nitrophenyl- 
phosphate to p-nitrophenol and diethyl phosphoric 
acid, and perhaps this or a similar enzyme could 
split off the dialkylphosphoryl group from the 
cholinesterase and so restore its activity 

Summary 

1 The kinetics of inhibition of cholinesterase 
by both reversible and irreversible inhibitors is 
considered 

2 Methods of estimation in common use 
greatly underestimate the physiological activity of 
the reversible cholinesterase inhibitors because of 
competition with substrate and the slowness with' 
which equilibrium is attained 

3 The action of many of the alkyl phosphate 
group IS markedly blocked by substrate and by the 
presence of reversible inhibitors Owing to this 
blocking by substrate the activity of this group may 
be overestimated in Mtro 

4 The eMdence available suggests that the 
alkyl phosphates form weak adsorption complexes 
with cholinesterase and in this activated state 
dialkyl phosphorylation of the chohnesterase occurs 
to form a stable inactive substance This inactive 


enzyme may perhaps be regenerated by hydrolysis 
of the dialkyl phosphoryl group the rate of which 
IS dependent on the nature of the alkyl groups If 
Mr>-propyl phosphoryl groups form more stable 
complexes vnth the enzyme than diethyl phosphoryl 
groups, this,; may explain the longer duration of 
action of the diiiopropyl series in vivo 

I am very grateful to Dr C A Keele and Professor F 
Dickens for helpful discussion I am mdebted to Mr B 
Topley and Drs G A Mogey and F Bergel for gifts of 
cholinesterase inhibitors and to Dr M L Tainter for 
very kindly sendmg me a generous amount of purified 
cholinesterase A grant from the Umversity of London 
Central Research Fund to Dr Keele enabled us to 
purchase the apparatus used m this work 
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The effect of reversing the polanty of the ester 
hnkage m acetylcholine homologues was first 
studied by Hunt and Renshaw (1926) These 
authors prepared aliphatic esters of betaine which 
they showed were parasympathonumetic agents 
with an activity of the order of one thousandth of 
that of acetylchohne Betaine itself is pharmaco- 
logically almost inert and thus bears a relationship 
to Its esters similar to that which choUne bears to 
acetylcholine The activity of the methyl ester of 
/3-propionjc betame, the ester most closely isostenc 
witlL acetylchohne has not so far been reported 
In 1928, however, a new betame called y-crotomc 
betaine (7 - carboxyallyltnmethyl - ammomum - 
chloride) was isolated from amraal tissues by 
Lmneweh (1928a, b) Strack and Forsterlmg (1938, 
1942) also isolated this betame from mammaban 
muscle and prepared some of its esters They 
found that whilst the betame was almost mert 
pharmacologically, its methyl ester was a powerful 
parasympathomimetic drug when tested on the 
dorsal muscle of the leech, the frog rectus and 
heart and the mouse mtestme They also found 
that the ethyl ester had much weaker effects and 
m addition antagonized the effects of acetylchohne 
The following paper confirms and extends these 
observations for the methyl ester and describes 
also the propeities of the benzyl ester of this 
Tietame Chemically the structure of the methyl 
ester is quite similar to that of acetylchohne, as 
may be seen by the formulae 
CH3 e 
\ 

CH3— N— CH;— CHi— O— C— CH, 

CHs Cl© O 

Acetylcholine chloride 
CH3 © 

CHj^— CHj— CH=CH— C— OCH3 

^ / 'I 

CH3 cie o 

v-carbomethoxyallyl — tnmethylammonium-chlonde 

• World Health Organization Fellow 


Methods and Materials 

Cats were anaesthetized with 60 mg chloralose/kg 
The tibialis antenor muscle was prepared for close 
intra-artenal injection as desenbed by Brown (1938) 
The mctitating membrane response was recorded after 
section of the cervical sympathetic The rabbit heart 
was perfused by the Langendorff method with Ringer- 
Locke solution The rat phrenic nerve-diaphragm 
preparation (Billbnng, 1946) was set up m Tyrode 
solution containmg 0 2 per cent (w/v) glucose and 
aerated with a 95 per cent Oj-1-5 per cent CO. mixture 
Frog heart perfusions were carried out both by the 
smus perfusion and the Straub methods The chromo- 
dacryorrhoea response m rats was tested by the method 
desenbed by Burgen (1949) 

The crotonic betaine esters were prepared by the 
method of Bergel, Cohen, and Hindley (1949), and 
were made available to us as the methyl ester chloride 
(mol wt 182 5, mp 174'’ C) and the benzyl ester 
iodide (mol wt 361 , mp 147-149° C) In the text 
these will be referred to as the methyl and benzyl 
esters and the activities are given by weight In 
Table I the molar activities have been used 

Results 

Effects on the anaesthetized cat 

Methyl ester — As little as 2 pg of the methyl 
ester injected mtravenously produced a small faU 
of blood pressure, unaccompanied by bradycardia 
With increasing doses this effect increased, and 
when the dose reached 50 pg a bradycardia 
accompamed the fall of blood pressure As the 
dose was mcreased further this effect became more 
marked and was associated with a decrease m the 
tidal air The faU of blood pressure and brady- 
cardia were more prolonged than those given by 
an equivalent amount of acetylchohne (Fig 1) 
Sometimes the respiratory depression was pre- 
ceded by a transitory respiratory stimulation 
This respiratory depression was unaffected by 
bilateral vagotomy or atropme, and respiration 
was shallow without the appearance of respnatory 
obstruction It is probable that this effect was 
due to a depression of the respiratory centre or the 
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Fig 1 — Cat, 2 4 kg , chloralose Top tracing respira- 
tion Lower tracing carotid blood pressure Time 
in 5 sec At the arrow i v injection of 0 14 rag 
methyl ester 

muscles of respiration Other eflfects noted with 
the larger doses of methyl ester were profuse and 
prolonged salivation, diarrhoea, and mictuntion 
After an adequate dose of atropme (1-2 mg / 
kg ) the slowing of the heart was no longer seen 
and the depressor effect of the methyl ester (100- 
200 /ig ) was converted into a rise of blood pressure 
greater than that given by an equal dose of 
acetylcholine (Fig 2) 

Benzyl ester — No eflfects were seen with the 
benzyl ester untd 50 /*g were given A small pres- 



1 nil- - ■ -- ■ »r 

Fig 2 — Cat 2 4 kg chloralose Atropine, 2 mg /kg 
Top tracing nictitating membrane Lower tracmg 
carotid blood pressure Time in 5 sec At arrow 
0 2 mg mcthjl ester intrasenously 


sor effect then usually appeared which mcreased 
with mcreasmg dosage but sometimes the response 
was biphasic Respiratory depression occurred 
after the mjection of 1 mg of the benzyl ester 
and was similar m character to that given by the 
methyl ester At no dose level were sahvahon, 
diarrhoea or mictuntion observed 

In the anaesthetized rabbit similar effects were 
seen 

Ejects on the nictitating membrane 

The methyl ester produced a contraction of the 
mctitatmg membrane when doses of 10 /ig or , 
more were given intravenously (Fig 2) The 
activity was similar to that of acetylcholine With 
the benzyl ester, however, 0 5-1 mg was needed 
to produce an effect and we did not succeed m- 
produemg a maximal contraction with the maxi- 
mum tolerated dose With both esters the response 
was quite long lasting 

Effects on the tibialis anterior preparation 

Some of the eflfects obtamed when the esters 
were mjfected mtra-artenally mto the tibiahs 
antenor can be seen m Fig 3 , 20 /ig of the 
methyl ester produced a twitch similar m magni- 
tude to that produced by 10 /ig of acetylcholine 
but followed by a transient depression of neuro- 
muscular conduction With 40 /»g of the methyl 
ester the twitch was somewhat larger, relatively to 
nerve stimulation, but was followed by a greater 
neuromuscular depression Very sumlar effects 
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Fig 3 —Cat, 2 1 kg , chloralose Maximal motor nerve 
twitches of tibiahs antenor muscle Close intra- 
artenal injection of (A) 10 y-z acetylcholine, 
(B) 20 Mg acetylcholine, (C) 20 /ig methyl ester, 
(D) 40 Mg methyl ester , (E) 50 Mg carbamylcholinc , 
volume of mjcction 0 5 ml 
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were produced by 50 fig carbamylcholme except 
that the twitch was smaller relative to the subse- 
quent depression 250 fig of the benzyl ester pro- 
duced a twatch similar to that given by 10 fig 
acetylcholine, but was followed by a prolonged 
neuromuscular block 

Isolated preparations 

Perfused rabbit heart — ^The addition of 1 pg 
pf the methyl ester to the perfusion fluid exerted a 
negative inotropic effect about equal to that given 
by 0 5 fig of acetylchohne or carbamylchohne 
With 10 pg this effect was mcreased and the heart 
rate slowed , with 50 pg the heart was temporarily 
arrested and this was followed by aunculo- 
ventncular dissociation In these actions the 
methyl ester was about one quarter the activity 
of acetylchohne. The benzyl ester produced no 
depression of force or rate until 100 pg were 
injected, when a transitory small depression 
occurred After this dose, however, the response 
to acetylchohne was greatly decreased, and returned 
slowly over the succeeding 20-30 mmutes 

Perfused frog heart — ^The methyl ester de- 
pressed the force of contraction of the perfused 
frog heart in a concentration of about 0 01 pg /ml 
With ten tunes this dose the heart was arrested 
The activity relative to acetylcholme was about 
one tenth. The benzyl ester had no direct action 
on the heart even m a concentration of 1 mg /ml , 
but a well marked antagonism to acetylcholme was 
found with concentrations of the benzyl ester of 
10 pg /ml and higher 

Perfused vessels — Rat and gumea-pig hmd 
limbs and the rabbit ear vessels were perfused with 
Locke’s solution at room temperature , in aU these 
preparations acetylcholme produced vasoconstric- 
tion Both the methyl and the benzyl esters, given 
m about twice the dose of acetylcholme, produced 
a similar but more prolonged effect than that of 
acetylchohne Durmg the course of prolonged 
perfusions the sensitivity of these preparations 
mcreased equally for aU three drugs 

Isolated rabbit duodenum and ileum — ^The 
methyl ester (0 03-0 5 pg^txA) produced a con- 
traction of the longitudinal muscle of the rabbit 
duodenum and ileum similar m magnitude to that 
given by one-sixth to one-half the amount of 
acetylchohne (Fig 4 a) The duration of the con- 
traction was, however, longer than that given by 
acetylchohne, but resembled closely that produced 
by carbamylchohne The benzyl ester produced a 
contraction in the freshly isolated mtestme at a 
concentration of 1-2 pg f ml After the gut had 
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Fig 4 — Rabbit duodenum. Bath volume 30 ml 
(o) Comparative effect of acetylchohne (0 3 /ig and 
0 S pg) and methyl ester (4 2 pg) (b) Inhibition of 
the response to 0 7 pg acetylchohne by 100 pg 
benzyl ester 

been isolated for one hour or more and especially 
if it was kept m the refrigerator overmght, the 
benzyl ester no longer mcreased the tonus, and 
with higher dosage a decrease in both the tonus 
and the spontaneous rhythm resulted With the 
larger doses of the benzyl ester the motor effects 
of acetylcholme were antagonized, as may be seen 
m Fig 4 b When the mtestme was set up as a 
Trendelenberg preparation, the peristalsis was 
completely mhibited by 10 pg benzyl ester /ml 
(Fig 5 b) 
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Fig 5 — (a) Rabbit duodenum Bath volume 30 ml 
At first arrow addition of 3 5 fig methyl ester which 
was promptly antagonized by 0 5 /ig atropine 
(b) Guinea-pig ileum Trendelenberg preparation 
At arrow addition of 0 3 mg benzyl ester for 
3 minutes Upper tracing longitudinal muscle 
Lower tracing mtestinal volume 
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‘The motor effects of both the methyl and benzyl 
esters were readily antagonized by atropine (Fig 
5 a), and by adrenaline The benzyl ester also 
antagonized the motor effects of the methyl ester 

Isolated guinea-pig ileum — On the gumea-pig 
ileum the methyl ester produced a contraction in a 
concentration of 0 2-1 pg /ml and was about one- 
half as active as acetylcholine The benzyl ester 
had no direct effect on the mtestine even in a con- 
centration of 0 3 mg /ml , but at a concentration 
of 3 /<g /ml the response to acetylcholine was 
reduced by 50 per cent, and with higher concentra- 
tions could be abohshed The response to histamme 
was unaffected until 0 3 mg /ml was added when 
it was depressed by about 10 per cent 

Phrenic ner\’e-diaphragni preparation — Both 
the esters were fairly active neuromuscular block- 
ing agents when tested on the phremc nerve- 
diaphragm preparation The methyl ester was 
about one-twentieth as active, and the benzyl ester 
was one-tenth as active as cf-tubocuranne Car- 
bamylcholme was similar in potency to the methyl 
ester Antagonism by neostigmine and by potas- 
sium chloride was much less marked with these 
esters than with i/-tubocuranne Baton and Zairms 
(1949) report a similar lack of antagonism by neo- 
stigmine agamst the neuromuscular block produced 
by decamethonium iodide 

Frog rectus preparation — On the normal un- 
sensitized frog rectus preparation, both the methyl 
and the benzyl esters produced a contracture 
similar to that produced by acetylcholme, except 
that the latency was longer and the rate of develop- 
ment of the contracture slower When the dura- 
tion of the test was the usual one and one-half 
minutes the methyl ester was about one-third as 
active, and the benzyl ester one-fifteenth as active 
as acetylchohne (Fig 6 a), whilst with a test lastmg 
10-15 minutes the relative potency of the cro tonic 
esters was increased (Fig 6 b) Whilst the abso- 
lute sensitivity of individual rectus muscles to the 
crotonic esters varied very little, the sensitivity to 


acetylcholme varied considerably, which accounts 
for the vanation in relative potency 

Sensitization of the muscle' with eserme or TEPP 
increased the response to acetylcholme on an 
average 40 times, but produced no change in 
'the response to either the methyl or the behzyl 
ester li-Tubocurarme antagonized -both esters 
and acetylcholine about equally, but only the 
response to acetylchohne was restored by eserme 

Rat chromodacryorrhoea 

Albmo rats (c 300 g wt ) were used which gave 
no tear secretion after the injection of 250 ^g 
acetylchohne subcutaneously, but a well-marked 
red tear secretion to 500 pg acetylchohne The 
following results were obtamed with the methyl 
ester ' 

20 pg — no response 

50 pg — pmk tmgmg of the tears after 5-6 
minutes 

100 pg — profuse opaque red tears — some 
bradycardia 

1 ,000 pg — ^profuse and very prolonged red tear 
secretion, heart block, profuse 
salivation, respiratory difficulties, 
spontaneous micturition and 
diarrhoea 

Doses of up to 20 mg of the benzyl ester were 
ineffective in causing a red tear secretion 

In Table I the activities of the methyl and benzyl 
esters are summanzed and compared on a molar 
basis with those of acetylcholine 

Hydrolysis by cholinesterases 

The esters were incubated m 10^ concentration 
at 37° C either with a solution of lysed human 
red cells as a source of true chohnesterase or with 
human serum as a source of mixed esterases The 
residual ester was estimated on the frog rectus 
preparation 



Fig 6 — Frog rectus abdominis (a) Com- 
parison of 1 ftg acetylcholine with 
15 /ig benzyl ester and 3 /ig methyl 
ester Duration of test 90 sec (6) Com- 
parison of 1 ng acetylchohne and 1 ttg 
methyl ester Duration of test 10 mm 
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TABLE I 

COMPARATTV'E ACTrVTTY OF THE METHYL AND BENZYL ESTERS 


Preparauon 

Molar activity relative 
to acetylchohne =100 

Methyl ester 

Benzyl ester 

Frog-rectus uftsensitized 

30-100 

15-50 

,, ,, sensitized with 


0 5-2 

esenne 

2-5 

Guinea pig ileum 

50 

0* 

Rabbit duodenumt 

15-50 

5*# 

Perfused rabbit heartf 

10-50 

0* 

Frog heart 

10 

0* 

Cat blood pressure 

8 

I§ 




atiopme 

250 

20 

(2at nictitating membrane 

80 

0 5- 

Cat tibialis ant (twitch) 

50 

8 

Rat diaphragm 

111 

in. '' 

Perfused vessels 

50 

20-100 

Rat red tear secretion 

1,000 

0 


» Blocks action of acetylcholine * * Blocks action of acetylcholine 
and decreases intestinal tone (see text) § Biphasic or pressor response 
'J Activity relative to d tubocuranne chloride 100 + Activity of 

carbamylcholme, 150 + Activity of carbamylchohne lOO 

From the results given m Table n it will be seen 
that a preparation of true cholmesterase which 
hydrolysed acetylcholine very rapidly did not 
hydrolyse either ester Serum did mcrease the 
breakdown of the benzyl ester' but at a rate far 
loAer than for acetylcholine The non-enzypiatic 


TABLE n 

HYDROLYSIS OF METHYL AND BENZYL ESTERS BY 
CHOLINESTERASES 


Ester 

Enzyme 

% Hydrolysed 

10 

1 

‘ 2 

3 

6 



min 

hr 

hrs 

hrs 

hrs 

Benzyl 

No enzyme 



5 

— 

12 

24 

ester 

5% serum* 



5 



18 

28 

1 

1% R B C * 

— 

-1 

— 

2 

1 

Methyl 

No enzyme 

0 

__ 

2 


. ■ - 

ester 

5% serum* 

0 



0 






1%RBC* 

3 

— 

3 1 

1 

— 

— 

Acetyl- 

5% serum 

97 


100 


- -- 

chohne 

1%RBC 

99 

— 

100 

1 

— 

— 


• Corrected for non-eruvn’atic hydrolysis 


rates of hydrolysis of the benzyl ester and of 
acetylcholine were measured by contmuous titra- 
tion over the range pH 4 5-9 5 The velocity con- 
stants were similar at the lower pH values, but 
activation by hydroxvl ions occurred sharply at 
pH 7 5 with the benzyl ester and at a shghtly 
higher pH and less steeply with acetylcholme 

In experiments earned out in the Warburg 
apparatus it was found that 0 002 M methyl ester- 
inhibited red cell cholinesterase 23 per cent (sub- 
strate 0 025 M acetyl-y8-methylchohne chloride) 
and inhibited serum pseudo' cholinesterase 18 per 
cent (substrate 0 007 M benzoylchohne chlonde) 
These data show that both true and pseudo chohn- 
esterases have an affinity for the methyl ester of the 
same order as that for acetyl-y8-methyl chohne and 
benzolychohne It would seem that reversal of 
the ester link, whilst not reduemg the affimty of 
cholinesterase for the methyl ester, prevents the 
enzyme-substrate complex breakmg down mto 
y-crotonic betaine and methanol 

Summary 

The methyl ester of y-crotonic betame is a very 
active parasympathomimetic drug Both musca- 
rinic and mcotmic types of action were found 
whose activity varied from one fiftieth to ten times 
that of acetylcholine accordmg to the test prepara- 
tion The ester is not spbt by cholmesterase and 
hence has a more prolonged action than acetyl- 
choline The benzyl ester of y-crotonic betame 
has almost no muscannic actions, but has some 
weak atropine like activity Compared with the 
the methyl ester the mcotine actions are consider- 
ably weaker 

We are grateful to Dr F Bergel for placing a 
generbus supply of these esters at our disposal 
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It has now been estabhshed that the pressor 
activity in extracts from the suprarenal glands is not 
due to the presence of adrenaline only but also to 
the presence of woradrenahne This has been shown 
for the pig’s gland by Schumann (1948, 1949) and 
for the dog’s gland by Bflibnng and Bum (1949a) 
by biological estimation That both substances are 
present m extracts of suprarenal glands from cattle 
was shown by v Euler and Hamberg (1949) who 
compared the results obtained by biological methods 
with those obtained by paper chromatography 
(James, 1948) which they modified to yield quanti- 
tative results Goldenberg, Faber, Aston, and 
Chargaff (1949) have also apphed chenucal and 
biological methods to show the presence of nor- 
adrenahne m commercial extracts of adrenal medulla 
from cattle and found that these contamed 12-18 per 
cent Horadrenahne, one sample contamed as much 
as 36 per cent Tullar (1949) has isolated l-nor- 
adrenahne from such extracts 
The presence m the gland of the non-methylated 
compound may have two purposes It may be an 
end-product which can be released mto the blood- 
stream, it may also be the precursor for the syn- 
thesis of adrenahne by the gland 
There is recent evidence for the release of nor- 
adrenalme itself from the suprarenal medulla as was 
first suggested by Meier and Bern (1948) Accordmg 
to Holtz and Schumann (1949) the suprarenal gland 
releases a substance which is not adrenahne and is 
most probably noradrenahne dunng the pressor 
reflex following clampmg of the carotid artenes 
Bulbnng and Bum (1949b) showed that m the 
CMScerated cat stimulation of the splanchnic nerve 
to the suprarenal caused release of a mixture of 
adrenahne and noradrenahne, this was shoNvn by 
the fact that the pressor efiect of splanchmc stimula- 
tion could be matched by an infusion of adrenahne, 
but the ratio of contractions of the two mctitatmg 
membranes, one denervated and one normal, could 
only be matched by infusing a mixture of adrenahne 
and noradrenahne In order to see 'whether the 


admixture of noradrenalme was due to deficient 
methylation a number of cats were fed with methio- 
mne However, m these cats also splanchmc 
stimulation produced a release of woradrenalme 
with the adrenahne The only difierence observed 
was that the gradual dechne m the proportion of 
adrenahne secreted dunng repeated splanchmc 
stimulation seemed to be absent m the animals fed 
on methionme 

This result suggested that the suprarenal gland, 
though normally releasmg noradrenahne to exert a 
function of its own, was also capable of methylating 
noradrenalme m order to mcrease its store of 
adrenahne The likelihood of this mechanism had 
been put forward by Blaschko (1939, 1942) 

The present paper is concerned with the conversion 
of noradrenahne to adrenahne by mihced suprarenal 
glands in vitro 

Method 

Dogs and cats were used TTie suprarenal glands were 
obtained by three different procedures The first was to 
anaesthetize the dog qmcldy with ether, bleed it and 
remove the gland with the shortest possible delay The 
second was to anaesthetize the dog with ether, open the 
abdomen and remove the glands by operation while the 
dog was kept ahve The third was used m cats Under 
ether anaesthesia the cord was cut, the bram destroyed 
and artificial respiration was given In some experiments 
the right splanchmc nerve was dissected by retroperi- 
toneal approach and was cut Then the left splanchnic 
nerve was similarly dissected and stimulated In other 
experiments both splanchmc nerves were stimulated 
simultaneously After 30 mmutes’ sUmulation the cat 
was bled out and the glands were removed with the 
shortest possible delay 

The suprarenals were dned with filter paper and 
weighed They were then transferred mto an icecold 
mortar, cut with scissors and ground with icecolff saline, 

1 c c per 0 05-0 1 g gland Of this suspension 2 c c 
were transferred to a test tube, 0 3 c c M/15 phosphate 
buffer was added, and m different experiments varymg 
amounts of cholme chloride, racemic noradrenahne 
hydrochloride and adenosme triphosphate (ATP) were 
added Each tube thus contamed 
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2 0 c c extract containing 0 1-0 2 g gland 
0 3 c c M/15 phosphate buffer 

0 3-0 6 c c containing varying amounts of choline 

chlonde 

K 0 3-0 6 c c containing varying amounts of noradren- 
aline 

0 4'c c contammg 8 mg ATP 

3 3-3 9 c c total volume 

The weight of choline chlonde added was always the 
same as that of racemic noradrenalme hydrochlonde, 
1 e , twice the amount of /-noradrenaline In those 
experiments in which no noradrenaline was added the 
amount of chohne added will be specifically stated If 
any of the ingredients was omitted the corresponding 
volume of saline was added instead For each expen- 
ment one or several control samples were prepared the 
final procedure adopted was to add 0 3 c c buffer and 
1 c c A HCl to 2 c c extract, this was quickly heated to 
boding and immediately cooled The same ingredients 
were added to this boded control sample as to the one 
with which It was to be compared , the two were incu- 
bated alongside The usual incubation time was 1 hour 
After mcubaUon 1 c c A HCl was added to each sample, 
though not to the control sample if aad had been added 
before incubation The sample was then transferred to 
an Erlenmeyer flask One washmg with 2 c c buffer and 
two washings with 2 c c sahne were also transferred mto 
the Erlenmeyer flask Each acidified sample was quickly 
heated to boibng pomt, cooled and made up to such a 
volume that 0 1 g gland was present m 10 cc This 
solufaon was used for the assays 
In some experiments samples were incubated in 
Thunberg tubes evacuated and filled with nitrogen The 
assay was earned out by the foUowmg methods 

The rat uterus method (de Jalon, Bayo, and de Jalon, 
1945) This assay is based on the antagonism between 
adrenaline and acetylcholme Constant contractions are 
evoked by constant doses of acetylcholme at constant 
mtervals The activity of the samples is estimated by the 
reduction m the size of contraction compared with that 
produced by a standard adrenahne solution The 
preparation is almost invanably 100 times less sensitive 
tci noradrenalme than to adrenahne It has been dis- 
cussed m detail m a recent paper by Gaddum, Peart, and 
Vogt (1949) and I have used the same procedure I am 
indebted to Professor Gaddum for the suggestion of 
usmg an apparatus accordmg to Schild (1947) with a 
solution of carbachol mstead of acetylcholme In the 
later part of the experiments a simphfied automatic 
apparatus has been used I am mdebted to Mr O B 
Saxby for its construction 

The frog heart, m which the ratio N/A of activity of 
noradrenalme to adrenahne is not as low as m the rat 
uterus, was used m one experiment only 
The rabbit's duodenum was used m 3 experiments 
The ratio N/A for the rabbit’s duodenum vaned between 

1 and 2 Adrenahne was never found to be the stronger 
The spinal cat's blood pressure was used m all except 

two experiments The ratio N/A was very vanable In 
3 out of 15 experiments it was less than 1 and only m 

2 cats was it 2 The range was from 0 615 to 2 


The cat's nictitating membrane This method was used 
mil out of 15 expenments It has been desenbed m 
detail m a recent paper by Bulbrmg and Bum (1949b) 
and is based on the fact that the denervated mctitatmg 
membrane becomes relatively much more sensitive to 
noradrenalme than the normal membrane which is more 
sensitive to adrenahne Thus the ratio of the size of 
contraction by the denervated membrane to that by the 
normal membrane is greater the larger the proporfion of 
noradrenalme m the rmxture By this means it is possible 
to test the activity of an extract m a spmal cat not only 
by the effect on the blood pressure, companng it with 
adrenaline, but also on the nictitating membranes by 
comparing it with an eqmpressor dose of a known 
mixture of adrenahne and noradrenalme 
For the calculation of the results obtamed by different 
methods of different sensitivities a formula has already 
been used by Professor J H Gaddum (personal com- 
mumcation) I am grateful to Mr J St L Philpot for 
his advice m developing a formpla as follows Adren- 
alme was used as a standard throughout Thus m a 
preparation of high sensitivity to adrenahne and of low 
sensitivity to noradrenahne (eg, rat uterus and fi'Og 
heart) let 1 fig noradrenahne be equivalent Xo “ a" g-g 
adrenalme In a preparation of similar sensitivity to- 
both let 1 pg noradrenalme be eqmvalent to “ b " pg 
adrenahne Let the total activity on the rat uterus or 
frog heart be “ U" (expressed as pg adrenahne) and let 
the total activity on the rabbit’s mtestme or cat’s blood 
pressure be “ C ” (expressed as pg adrenahne) Then 

A + aN 
C = A-i- bN 

where A is pg adrenahne and N is pg noradrenahne 
From these two equations the followmg formulae are 
denved 

bU-aC 

~u 

b — a 



These formulae were used for the calculations, of which 
two exa&iples will be given 

The amount of noradrenahne will be given throughout 
m terms of /-noradrenahne 

Example 1 

The estimation by the rat uterus method gave the 
followmg results for “ 17 ” m pg adrenalme per c c 


Sample I Sample n 


1st stnp 

2 55 

6 3 

2nd stnp 

2 27 

40 

Mean “ U" 

2 41 

5 15 


The estunation on the cat’s blood pressure gave for 
Sample 1" C" — 21 1 pg adrenalme per c c 
Sample II “ C ” = 25 8 pg adrenalme per c c 
noradrenalme 
The ration of activity adrenali n^ 

uterus “ o” = 0 01, on the cat’s blood pressure “ b " 
= 18 From these results the values for adrenahne and '* 
noradrenalme were calculated 


Q 
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Flo 1 — ^Assay of suprarenal extracts (Exp 1) on spinal 
cat Tracings are arterial blood pressure (bottom), 
contractions of denervated (middle) and normal 
(top) nictitating membrane Figures above are 
ratios of the size of contractions of the ttvo mem- 
branes I and n refer to samples m Exp 1 “ A ” 

followed by a number indicates the percentage of 
adrenaline m a mixture of adrenahne and nor- 
adrenaline 


== 

N - 
A\\ = 

Nu = 


I 8 X 241 - 001 X 27 2 



1 8 - 

4 35 

-0 27 

1 79 

212 

-2 41 

1 8 

-0 01 

I 8 X 5 15 - 


I 8 - 

9 30 

-025 


1 79 

25 8 

- 5 15 

1 8 

-0 01 


121 fig adrenaline 
: 13 9 fig noradrcnahne 


■■ 5 08 fig adrenahne 
11 5/ig noradrenahne 


Another estimate was obtamcd by recording the con- 
tractions of the cats nictitatmg membranes and com- 
panng the extracts wth mixtures contaimng varying 
„ proportions of adrenahne and noradrenaline On top of 
the traang shown in Fig 1 are .given the ratios of the 
size of contractions of the denervated to those of the 



Percent adrenaline 

Fro 2 — Curve relating ratio of the size of contractions 
of the denervated to the normal nictitating membrane 
(ordinates) and the percentage adrenaline in mixtures 
with noradrenahne The black carcles represent 
effects obtained with standard solutions, white 
circles those obtained with suprarenal extracts 

normal membrane The ratio for Sample H was between 
those for two mixtures contammg 25 per cent and 50 per 
cent adrenahne respectively The ratio for Sample I was 
less than that for the mixture contammg 25 per cent 
adrenahne The actual percentages in the extracts were 
obtamed graphically from a curve relatmg the ratio of 
contractions of the nichtatmg membranes to the percen- 
tage adrenahne present m the standard solution injected 
(see BQIbnng and Bum, 1949b) When this was done, 
as shown m Fig 2, the percentage for those injections of 
extract, shown m Fig 1, were 20 per cent adrenahne in 
Sample I and 37 per cent adrenahne m Sample D 
Though the pressor effects in this stage of the experiment 
were gradually diminishing it may be seen that 0 5 c,c 
sample IT was > 8 fig mixture contammg 25 per cent 
adrenahne and < 9 pg mixture contammg 50 per cent 
adrenahne 

1 c c sample IT = 17 pg mixture contammg >25 
and <50 per cent adrenahne 

0 45 c c sample 1 = 8 fig mixture contammg 25 per cent 
adrenahne 

1 c c sample 1 = 17 8 fig mixture 
Estimations of this kind were repeated several times and 
the mean results were that 
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Sample I contained 21 per cent adrenalme m 17 76 /ig 
total activity 

Sample H contained 34 per cent adrenalme m 17 5 /ig 
total activity 

As the samples represented aim 100 dilution of the 
suprarenal tissue the activity could be calculated as y-g 
per g gland This is shown m Table I 


TABLE I 

ACnvriY IN SUPRARENAL EXTRACTS 


Sample 

Esti- 

mate 

' Preparation 
used for 
estunation 

! 

1 

yg perg gland 

Adren- 

alme 

Nor- 

adren- 

alme 

Total 


1st 

Rat uterus and 


1 




cat blood pres- 






sure 

227 

1,3^0 

1,617 

I 

2nd 

Cat mctitatmg 




1 

1 


membrane and 






blood pressure 

372 

1,404 

1,776 



Mean 

300 

1,397 

1,697 


1st 

Rat uterus and 

1 



1 

1 

cat blood pres - 1 






sure 

508 

1,150 

1,670 

n 

2nd 

Cat mctitatmg 






membrane and 






blood pressure 

596 

1,154 

1,750 



Mean 

1 

552 

1,152 

1,704 


The agreement of the results obtamed by the different 
methods was very close It was so m 10 out of 15 expen- 
ments Estimations of total activity did not differ from 
the mean figure of several combmed assays by more 
than 10 per cent m 14 out of 15 experiments The 
deviation from the mean figure for the adrenalme content 
was more than 20 per cent m 4 out of 15 experiments 
One of these will be taken as the second example 

Example 2 (This was the experiment m which the differ- 
ence between the two estimates was greatest) 

The assay by the rat uterus method gave widely 
differmg results for “ 17 ” m yg adrenalme per c c 


Sample I Sample H Sample IH 


1st stop 

225 

48 

2 05 

2nd stop 

29 

4 85 

24 

3rd stnp 

5 65 

98 

4^ 

Mean 

3 6 

65 

29 


The assay on the cat’s blood pressure gave the foUowmg 
results for “ C ” 

1 c c Sample I equivalent to 48 yg adrenalme 
1 c c Sample H „ „ 34 yg „ 

1 c c Sample III „ „ 44 yg „ 

With “ a ” = 0 01 and “ b” — 2 0 the activity m yg per 
g gland was calculated and is shown as the fimt estimate 
for each sample m Table II The much weaker pressor 
activity of Sample II than that of Sample I, when com- 
pared with adrenalme, is shown m Fig 3 


TABLE n 


ACUVITY IN SUPRARENAL EXTRACTS 


1 

1 

1 

Sample 

1 

Esti- 

mate 

1 

Preparation 
used for i 
estimation 

Mg 

perg gland 

Adren- 

ahne 

Nor- 

adren- 

alme 

Total 


1st 

Rat uterus and i 






cat blood pres- 






sure 

340 

2,230 

2,570 

I 

2nd 

Cat mctitatmg 






membrane and 






blood pressure 

840 

1,560 


1 


Mean 

590 

1,895 j 

2,485 

! 

1st 

Rat uterus and 

1 

[ 




1 

cat blood pres- 




I 

1 

sure 

640 j 

1,400 

2,040 


2nd 

Cat nictitating 





1 

membrane and 






blood pressure 

1,170 1 

1,130 

2,300 



Mean 

i 905 

1,265 

[2,170 


1st 

Rat uterus and 






cat blood pres- 






sure 

270 

2,080 


in 

2nd 

Cat mctitatmg 






membrane and 





i 

blood pressure 

550 

1,650 




Mean 

410 

1,865 

2,275 

3 

fa 

AQ 22 

20 

12 

11 



Zyq 02ce 4^ otj^^ 4S>>^ oT.ZS'k SSf^^ 

A M N X A 25 E' ASb 


Fig 3 — ^Assay of suprarenal extracts (Samples I, IT, 
and in m Exp 2) on spmal cat Records as 
m Fig 1 
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8 fig adrenaline = 4 fig noradrenaline 

■= 4 5 fig mixture contauung 25 per cent 
adr 

= 5 5 fig mixture contauung 50 per cent 
adr 

= 0 175 cc Sample I 
= 0 225 c c Sample 11 
= 0 2 c c Sample HI 

With these small doses, which were suitable for the assay 
of pressor activity, the normal mctitatmg membrane was 
scarcely affected Larger doses had to be given for this 
purpose and part of the assay is illustrated in Fig 4 By 
graphical determination from curves similar to that 
shown m Fig 2 the proportion of adrenaline m the 
samples according to Figs 3 and 4 were as follows 

Sample 1 Sample 11 Sample ni 
Fig 3 22 per cent 48 per cent 29 per cent 

Fig 4 38 „ „ 50 „ „ 16 „ „ 

The mean figures of all estimations m this experiment are 
shown as the second estimates m Table II The discre- 
pancy between these and the other parallel assay is more 
than 100 per cent However, the change m the three 
samples is m the same direction and of t^ same magm- 
tude This was so m every experiment without exception 
No matter how large the absolute difference was between 
vanous assays for one sample (and it was never as large 
as m this sample), the relative difference between the 
samples was not affected, they always differed m the 
same direction As there was no reason for assunung 
that either the assay combuung results obtamed on rat 
uterus and cat’s blood pressure, or the assay m which 
extracts were compared with Imown mixtures on the 


ZZS too 76 S2 40 40 26 



fOf.j O S'cc O 

N HL /{2S X PlS'O E f{(,2b 


Fig 4 — Assa> (Exp 2) continued Records as in Fig 1. 


mctitatmg membranes was more accurate than the other, 
the mean figure of both estimates was taken "Hie 
results were aU converted to fig per g gland and are thus 
represented m the Tables 

Results 

1 The establishment of the control figure 

In order to observe a change in the proportion of 
adrenaline and noradrenaline m a sample' of sup- 
rarenal extract a control sample must be available 
which IS subjected to the same conditions but m 
which enzyme activity has stopped A comparison 
-.^was therefore made on several occasions between 
extracts (a) acidified, boiled, mcubated and not 
mcubated, (b) non-acichfied, boiled and then 
mcubated, (c) the same, but with vanous additions 
The results are given m Table IH which Shows the 
close agreement obtamed by the combmation of 
several biological methods The total amount 
found m boded control samples after one hour 
-incubation did not differ by more than 6 per cent 
from the samples which were not mcubated The 
agreement was close irrespective of whether they 
were acidified or not A larger difference was 
found m Exp 2 in the calculated total when a 
sample to which woradrenahne had been added was 
compared with another without addition Though 
the estimations of the amount of adrenahne and 
noradrenahne m several samples of Ihe same gland 
differed up to 20 per cent, the proportion of the two ' 
remamed the same withm 7 per cent The largest 
differences were agam found between estimations of 
samples to which noradrenalme had been added and 
those without (Exps 2 and 6), and also between 
samples mcubated in Oj and N* (Exps 10 and 11) 
For this reason the control samples had the same 
additions and were subjected to the same conditions 
as those with which they were compared The only 
exceptions are m experiments 4 and 5 

2 The conversion of noradrenaline to adrenaline 

Eight experiments were performed on dogs 

suprarenals, the results of which are summarized in 
Table IV The first three glands were removed by 
operation under ether anaesthesia, the other glands 
were removed as qmckly as possible while the dog 
was bled out In Exp 6, m which the dog was used 
as blood donor for a heart-lung preparation, the 
delay before removal of the glands was considerable , 
this may be the reason for no change taking place 
durmg mcubation In all the 'other experiments a 
conversion of /loradrenahne to adrenaline was 
observed This can only be assumed if together with 
the mcrease m adrenahne a correspondmg decrease 
m /loradrenahne is found Thus the values for 
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TABLE m 

dogs’ SUPRARENAl^ COMPARISON OF CONTROL SAMPLES 
' Amounts of adrenaline (adr ) and /loradrenaline (nor ) are given in iig per g gland 


No of 
expen- 
ment 

Acidified, 
boiled, no 
additions 

Not incubated 

i 

Not acidi- 
fied, boiled, 
ATP added 
Incubated 
in O 2 

Not acidified, 
boiled, ATP 
and choline 
added 
Incubated 
in Oj 

Not acidified, 
boded, ATP, 
cholme and 
/loradrenahne 
added 
Incubated 
in Oi 

Acidified, b 
choline and 
added 1 

m Oj 

oiled, ATP, 
no 'Adrenaline 
ncubated 

1 

in N* 

Deviation 

of 

estimations 
from mean 


ME 

/o 

ME 

% 

ME 

V 

/o 

ME 

% 

ME 

/o 

ME 

% 

% 

Adr 



645 

44 

640 

41 

655 

48 





-'l 2, +1 3 

(2) Nor 



810 

56 

905 

59 

690* 

52 





^13, -1-13 

Total 

1 


1,455 


1,545 


1,345 






-7 5, +7 2 

Adr 


1 

23 




22 5 







±2 7 

(3) Nor 

1,875 

77 




77 5 



1 




±3 2 

Total 

2,425 J 


B 

B 


- 






■ 

±3 1 

Adr 

635 

63 5 

B 


643 

1 

1 65 1 

680 

68 





-2 8, +4 2 

(6) Nor 

365 

36 5 



353 

35 

320* 

32 





-7 5, +5 5 

Total 



B 

B 

996 

1 j 

1,000 





B' 

±0 2 

Adr 







1,073 

47 

900 

42 

BBI 

49 

-15, +5 

nniKSS 







1,210 

53 

1,270 

58 

1,175 

51 

-3 5,-+4 3 

Total 



B 


/ 

1 

2,283 


2,170 


2,295 


-3 5, +2 1 

Adr 







1,050 

37 1 



1,200 

41 

±7 3 

(11) Nor 







1,770 

63 1 



, 1,700 

59 

±2 0 

Total 







2,820 




2,900 


1 ±14 


• The amount of noradrenaline added has been subtracted in order to make the sample comparable tvith the other samples of the same gland 


“ Percentage change in adrenahne content ” are 
calculated by takmg mto account not only the amount 
of adrenalme estunated but also the amount of 
/loradrenahne In Exp 1 an mcrease of 588 ^g 
adrenahne was found, but the decrease of nor- 
adrenahne vvas only 506 /ig The conversion is thus 
not more than 506 Mg or an mcrease of 99 per cent 
on the ongmal amoimt of 511 Mg adrenalme 
The presence of ATP .was found to be essential for 
the methylation of noradrenahne In four expen- 
ments samples mcubated with ATP showed an 
mcrease of adrenahne, whereas parallel samples 
without ATP showed a decrease, which m Exp 10 
was accompamed by a corresponding mcrease m 
woradrenalme, indicatmg the possibihty of demethy- 
lation The addition m one experhhent CNo 2) of 
ATP alone caused no change in the proportion of 
adrenalme to /loradrenalme 

The amount of /loradrenalme present m the 
samples had an important influence though it did 
not wholly govern the extent of the reaction 
Exp 2 offers a good example Sample a, to which 
only ATP was added, showed no change Sample b, 
to which both ATP and cholme were added, 
showed an mcrease in adrenahne which was similar 


to that of sample c to which /loradrenahne was 
added as well None of the added /loradrenahne 
seemed to have been used In two experiments (26 
and 3a) m which the ongmal gland was rich m 
wradrenahne, a conversion to adrenahne was 
observed though only ATP and cholme were added 
But m two other experiments in which the gland 
contamed ongmally very little /laradrenahne (5a) or 
none (4a) no mcrease m adrenahne was observed 
In the latter experiment there is a further indication 
for a conversion m the opposite direction When 
aoradrenahne was added to the samples as well (46 
and 5c) some mcrease m adrenahne content was 
observed m both expenments, though surpnsmgly 
httle considering the large amount added (2,000 Mg 
per g gland) In Exp 56 a sample mcubated with 
ATP and aoradrenaline, but omittmg the cholme, 
nevertheless methylated a similar amount to that 
methylated m the one to which cholme had been 
added 

There were thus four pomts emergmg from 
Table IV (1) ATP was essential for the conversion, 
(2) conversion was possible if ATP and cholme were 
added under certam conditions , (3) these conditions 
depended to some extent on the amount of nor- 
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TABLE rV 
dogs’ suprarenals 


Amounts of adrenaline and noraditenahne before and after incubation in fig per g gland 


No 

of 

Exp 

Onginal 

Final 

Change 

Percentage 
change m 
adr content 

Additions before 
incubation 

Adr 

Nor 

Total 

Adr 

Nor 

Total 

Adr 

Nor 

Total 

ATP 

Tlh 

Nor 

1 

511 

912 

1,423 

1,099 

406 

1,505 

+588 

-506 

+82 

+99 

+ 

+ 

833 

2nt 

645 

810 

1,455 

615 

745 

1,360 

-30 

-65 

-95 

-5 

+ 


— 

b 

640 

905 

1,545 

1,110 

350 

1,460 

+470 

-555 

-85 

+73 


+ 

— 

c 

655 

1,940 

2,595 

1,100 

1,570 

2,670 

+445 

-370 

+75 

+57 

+ 

+ 

1,250 

hat 




/ 750 

1,750 

2,500 

+ 170 

-250 

-80 

+29 

+ 

+ 

— 

bt 

j" 

2,000 

2,580 

\ 450 

1,970 

2,420 

-130 

-30 

-160 

-17 

— 

+ 

— 


1,340 

0 

1,340 

1,130 

225 

1,355 

-210 

+225 

+ 15 

-15 

+ 

+ 

— 

b 

1,340 

2,000* 

3,340 

1,515 

1,695 

3,210 

+ 175 

-305 

-130 

+ 13 

+ 

+ 

2,000 

5ai 

1,048 

212 

1,260 

1,040 

224 

1,264 

-8 

+ 12 

+4 

0 

+ 

+ 

— 

b 

I 



r 1,308 

1,820 

3,128 

+260 

-392 

-132 

+25 

+ 


2,000 

c 

y 1,048 

2,212* 

3,260 

i 1,358 

1,816 

3,174 

+31Q 

-396 

-86 

+30 

+ 

+ 

2,000 

d 

/ 



\ 845 

2,120 

2,965 

-203 

-92 

-295 

-10 

— 

+ 

2,000 

6 

680 

1,320 

2,000 

695 

1,385 

2,080 

+ 15 

+65 

+80 

+2 

+ 

+ 

1,000 

lOn 




/ 1,170 

1,100 

2 270 

187 

-138 

+49 

+ 15 



500 

b 

j 983 

1,238 

2,221 

\ 753 

1,465 

2,218 

-230 

+227 

-3 

-23 


"i" 

500 

11a 

1 . 



/ 1,290 

1,385 

2,675 

+240 

-385 

-145 

+23 


+ 

1,000 

b 

^ 1,050 

1,770 

2,820 

\ 1,047 

1,664 

2,711 

-3 

-106 

-109 

0 


+ 

1,000 


• Values are calcutated nol estimated. tl ChoUae chlonde addition tjas 2.5 mg per g gland 

i Cholme chloride addition was 4 0 mg. per g gland 


TABLE V 
cats’ suprarenals 


s = splanchnic nerve stimulated, o = no sUmulation , adr , nor , and total in fig per g gland 


No 

of 

Exp 

Original 

' 

Final 

1 

Change 

Percentage 
change in 
adrenaline 
content 

Additions before 
incubation 

Adr 

Nor 

Total 

Adr 

Nor 

Total ^ 

Adr 

Nor ' 

Total 

ATP 

Ch 

/ 

Nor 

la s 

360 

3,685 

4,045 

480 

3,408 

3,888 

+ 120 

-277 

-157 

+33 


+ 

3,000 

b o 

452 

3,353 

3,805 

630 

3,225 

3,855 

+178 

-118 

+ 50 

+26 


+ 

3,000 

8ats 

485 

870 

1,355 

765 

450 

1,215 1 

+280 

-420 

-140 

+58 

'h 

+ 

- 

6to 

617 

363 

980 

598 

372 

970 ' 

-19 

+9 

-10 

-2 


+ 


9*as 

377 

1,173 

1,550 

447 

1,271 

1,718 

+70 

+98 j 

+ 168 

0 

+ 

+ 1 

540 

b o 

1,144 

1,745 

2,889 

1,164 

1,817 1 

2,981 

+20 

+72 1 

+ 92 

0 

+ 

+ 

620 

12a s 



— 

/ 1,790 

2,500 

4,290 

+790 

-760 

+30 

+76 

+ 

+ 

1 1,500^ 

b s 

J 1,000 

3,260 

4,260 

t 820 

3,400 

4,220 

-180 

+ 140 

-40 

-14 

— 

+ 

1,500 

13a s 

1 



r 615 

1,465- 

2,080 

+ 193 

-185 

+8 

+44 


+ 

1,500 

b s 

f 422 

1,650 

2,072 

\ 422 

1,545 

1,967 

0 

-105 

-105 

I 

0 

1 

— 

+ 

1,500 

14a s 




/ 552 

1,152 1 

1,704 

+252 

-245 

+7 

+82 

+ 

+ 

1,500 

6 s 

j* 300 

1,397 

1,697 

\ 287 

1,242 ' 

1,529 

-13 

-155 

1-168 

1 0 

1 — 

+ 

1,500 

15o s 

h 



r 905 

1,265 

2,170 

+315 

-630 

-315 

+53 

+ 

+ 

1,500 

b 

i f* 590 

1 

1,895 

2,485 

1 410 

1,865 

2,215 

-180 

1 

-30 

-210 

0 

— 

+ 

1,500 


The Jamples in this experiment wre incubated in N, 


t Cholme chloride addition wm I irg. per g* gland 
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adrenaltne present but the reaction was probably 
limited by the amount of enzyme available , (4) the 
addition of the three mgredients — ATP, chohne, 
and noradrenahne — caused a conversion m 6 out of 
7 samples 

A surpnsmg result was that glands removed under 
the most favourable conditions converted less 
/wradrenahne mto adrenalme than those' removed 
durmg a prolonged operation As it is known that 
there is an mcreased splanchnic discharge durmg 
ether anaesthesia and laparatomy, the effect of 
splanchmc stimulation was mvestigated 

Cats were used for this purpose and the results 
are summarized m Table V In the first three 
experiments the splanchmc nerve to one gland had 
been stimulated bQt not to the other, both glands 
were mcubated under the same conditions with the 
addition of ATP, chohne, and varymg amounts of 
noradrenalme Of the latter an excessively large 
amount was added m Exp 7 and a conversion was 
observed m both glands, which was slightly more on 
the stimulated side In Exp 8 no woradrenahne was 
added before mcubation and a large difference was 
seen between the activity of the stimulated as 
compared with the non-stimulated side Though 
the total activity of the stimulated gland was not 
less than that of the non-stimulated side (m fact it 
was 37 per cent higher) the proportion of adrenahne 
was much less When both suprarenal extracts 
were mcubated with ATP and chohne the proportion 
on the stimulated side became the same as that of 
the other side m which it remamed unchanged 
This is shown m Table VI In Exp 9 (Table V) no 


TABLE VI 

SUPRARENAL EXTRACTS INCUBATED WITH ATP AND CHOLINE 


Gland 

* 

1 

Ongmal 

-- Final 

Adr woradr 

Adr noradr 

Stimulated 

36 64 

63 37 

Non-stimulated 

63 37 

62 38 


change was observed on either side, though the 
amount of adrenalme was mcreased there was no 
correspondmg decrease of /loradrenalme The result 
IS not clear because the total activity was found to 
be considerably more than that of the control 
samples This was the only experiment m which the 
control samples were heated m a water-bath for 
5 mm mstead of bnngmg them to boilmg pomt 
quickly Also it was the only experiment, recorded 
m Table V, in which the samples were mcubated m 
mtrogen This pomt wiU be discussed later On 
the other hand, it may have been that too small an 


amount of woradrenalme was added for this gland 

In the last four experiments m Table V both 
splanchnic nerves were stimulated, both suprarenals 
were pooled and the extracts mcubated with an 
amount of noradrenahne which was expected to be 
well above the amount of adrenahne present m the 
gland after prolonged splanchnic stimulation This 
expectation was fulfilled as m each experiment the 
amount of noradrenahne was found to be 3-4 times 
that of adrenaline In each experiment the mcrease 
m the amount of adrenalme after mcubation was 
considerable, i e , 76, 44, 82, and 53 per cent 
However, m parallel samples to which no ATP had 
been added no such mcrease was observed One 
of these samples (in Exp 12) gave yet another 
mdication of a conversion m the opposite direction 

The experiments on cats’ suprarenals confirmed 
the observation that the presence of ATP is essential 
for the methylation of /mradrenahne The glands 
m which the store of adrenahne had been depleted 
by previous splanchmc stimulation appeared to have 
a lugh enzyme activity 

It might be argued that any change m adrenahne 
should not be calculated as a percentage change of 
adrenahne mitially present m the gland but rather 
of the noradrenalme This would, however, give 
misleadmg results as the imtial amount of nor- 
adrenahne depended largely on the very variable 
amounts added to different samples For example, 
m sample 2b (Table IV) 470 Mg adrenahne was 
formed which is a conversion of 52 per cent of the 
imtial 905 me noradrenalme, while in sample 2c (of 
the same gland) the very similar formation of 
445 Mg adrenahne represents only 23 per cent of the 
imtial 1940 Mg noradrenahne which was as high as 
this because 1,250 Mg had been added Secondly, 
though splanchmc stimulation depleted the store of 
adrenalme the absolute figures of the uutial content 
are on the whole similar to those of unstimulated 
glands and the highest absolute mcrease of 760 Mg 
occurred m a stimulated gland contaimng mitially 
as much as 1,000 Mg adrenahne per g (Exp 12a, 
Table V) 

Assuming that through the prolonged operative 
procedure m the first three dog experiments there 
occurred a certam amount of splanchmc stimulation 
the results may be summarized as m Table VH 
(Exps 6 and 9 have been onutted from this table as 
the absence of any change m either direction could 
probably be accounted for by faulty experimental 
procedure discussed above ) In glands depleted by 
splanchmc stimulation the mcrease m adrenahne 
content was larger than the vanation found m 
control samples (see Table III) In 7 out of 10 
samples it was more than 50 per cent and the mean 
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TABLE Vn 

EFFECT OF SPLANCHNIC STIMULATION 


Stimulated glands 

1 

Non-stimulated glands 

No 

[Percentage change m 

No 

Percentage change in 

of 

adrenahne 

total 

of 

adrenahne 

total 

exp 

content 

activity 

exp 

content 

activity 

DOGS 






1 

-1-99 

4-5 8 

46 

4-13 

-3 1 

2b 

+73 

- 55 

56 

4-25 

-3 2 

2c 

+57 

4-2 9 

5c 

4-30 

-2 6 

3a ^ 

+29 

- 3 1 

lOo 

4-15 

4-2 2 




11a 

4-23 ^ 

-5 1 

CATS 






7a 

-1-33 

- 3 9 

76 

4-26 

-1 3 

8fl 

-b58 

-104 

86 

- 2 

-1 2 

]2o 

-+-76 

4- 07 


\ 


13a 

1 -f44 

4- 04 


1 


14a 

1 -+-82 

4- 08 




15a 

! -1-53 

-12 6 




Mean 

• 1 

-f60 5 

i 


Mean' 

+ 18 6 

1 



figure for all was an increase of 60 5 per cent from 
the ongmal On the other hand, m non-stimulated 
glands, no mcrease above 30 per cent was observed, 
only m 4 out of 8 experiments was it larger than the 
vanation determmed m control samples, and the 
mean figure for all was an increase of only 18 6 per 
cent The vanation in total activity was on an 
average no more than between several control 

TABLE Vin 


EFFECT OF ATP 



Suprarenal exti 
1 

acts incubated 

No 

With 

ATP 1 

Without ATP 

of 

Percentage change in 

Percentage change m 

exp 

adrenaline 

content 

total 

activity 

adrenaline 

content 

total 
activity ' 

DOGS 





3 

4-29 

- 3 1 

-17 

- 62 

5 

4-30 

- 2 6 

-10 

- 9 1 

10 

4-15 

4-2 2 

-23 

- 0 1 

11 

4-23 

- 5 1 

1 0 

- 3 9 

CATS ^ 





12 

4-76 

4- 07 

-14 

- 09 

13 

4-44 

4- 04 

0 

- 5 1 

14 

J-82 

4- 08 

0 

-100 

15 

4-53 

-12 6 

0 

- 8 5 

Mean 





Dogs 

Cats 

4-24:25 
-t-63 75 


-12 5 
- 3 5 



samples However, m two samples (Table VII, 
Exps 8a and 15a) there was a loss of 10 4 and 
12 6 per cent respectively Nevertheless, in spite of 
this loss m total activity, the proportion of adrena- 
line was mcreased by 58 and 53 per cent respectively 
The experiments m which samples of the same 
gland were mcubated with and without ATP are 
summanzted m Table VllI While there was 
always an mcrease of adrenaline when ATP was 
present there was either no change or a loss when 
ATP was absent In Exp 10, where the mcrease 
in adrenahne might not be significant it becomes 
more so when the loss of 23 per cent m the parallel 
sample containing no ATP is considered On the 
average the loss in total activity does not exceed the 
variation m several control samples shown m Table 
in, but the samples containmg no _ ATP were 
without exception found to be weaker than their 
control samples The loss never exceeded 10 per 
cent 

3 Experiments m aerobic and anaerobic conditions 
In four experiments a companson was made 
between samples mcubated m air and mcubated m 
mtrogen The results are shown m Table IX It 
appears that methylation takes place anaerobically 
but not to the same extent as aerobically Though 
the mcrease m the first two experiments is small and 

TABLE IX 

EFFECT OF AEROBIC OR ANAEROBIC INCUBATION 
. O 


Percentage change m adrenahne content in 
suprarenal extracts mcubated 


of 

In air 

In nitrogen 


With ATP 

Without 

ATP 

With ATP 

Without 

ATP 

10 

4-15 

-23 

4-2 

1 -22 

11 

- 4-23 

0 

4-17 

-3 

13 

4-44 

0 

4-24 


14 

4-82 

0 

4-58 



may not be significant, there is both m aerobic and 
anaerobic conditions a clear dilference between 
samples mcubated with and without ATP The 
conclusion is drawn that anaerobic conditions are 
less favourable for the methylation of woradrenahne 
and that this may be partly responsible for the 
negative result m Exp 9 (Table V) 

4 The loss of total activity during prolonged 
incubation 

One experiment was carried out m which samples 
were mcubated for different times The loss was 
considerable, as sho%vn m Table X It may be seen 
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TABLE X 

EFFECT OF DURATION OF INCUBATION 

Dog’s suprarenal, fig per g gland Change during incubation 


. Control 

For 1 hour 

For li hours 

For 2^ hours 


1 

1 

1 

1 Pg 

Change^ 

% 

Mg 

Change 

% 

1 

Mg 

Change 

Adr 

225 

580 

30 

750 

+ 170 

30 

1 

730 

1 

+ 150 

33 

1 

1 690 

+ 110 

Nor 

Total 

.77 5 1 

2,000 1 
2,580 

70 

1 

1,750 1 
2,500 

-250 

-80 

70 

1,690 

2,420 

-310 

-160 

67 

1,410 

2,100 

-590 

-480 


that nearly 20 per cent of the total activity was lost 
in 2^ hours Though the proportion of adrenaline 
to noradrenaline remained approximately the same 
up to hours the total loss of activity was then four 
times as much as the gam of adrenahne This 
experiment mdicates that the methylation of 
noradrenahne proceeded quickly and was not 
limited by the tune of mcubation but by other 
factors 

Discussion 

Blaschko’siview (1939, 1942) that noradrenahne 
IS the precursor of adrenalme has been substantiated 
by the experimental results presented m this paper 
Abradrenalme and adrenalme are both present m 
suprarenal glands They are both released, m 
varymg proportions, from the gland durmg splanch- 
nic stimulation, which might suggest that nor- 
adrenalme is an end-product by itself It has now 
been shown that it can be used by the suprarenal 
gland as precursor for the synthesis of adrenalme 
For the methylation of uoradrenalme by suprarenal 
extracts the presence of ATP appeared to be essen- 
tial No conversion took place m the absence of 
ATP When uoradrenalme was added some samples 
converted a proportion of the added amount as well 
as the amoimt mitially present m the gland In 
other samples only a moderate degree of conversion 
took place m spite of a large surplus of /loradrenahne 
being available Glands which had been subjected 
to prolonged splanchmc stimulation showed an 
mcreased capacity for the methylation of nor- 
adrenalme, while glands removed as quickly as 
possible under the most favourable conditions 
converted relatively small amounts 

The conversion appeared to be completed withm 
1 hour (shorter penods have not been tested) durmg 
which the loss of total activity was neghgible If 
samples were, however, incubated for several hours 
a progressive loss m total activity was observed 
Holtz and Kroneberg (1948) proposed epirune 
rather than uoradrenahne as a precursor for adren- 


ahne on the ground that /loradrenahne could be 
released from the suprarenal gland as an end- 
product Recently (Holtz and Kroneberg, 1949) 
these authors have mvestigated the possibihty of 
adrenahne synthesis by suprarenal extracts from 
phenylethylamme, tyramme, and oxytyramme Incu- 
bation of extracts for several hours wth the addition 
of any of these three ammes produced an mcrease 
m pressbr activity which the authors beheve to be 
most probably due to the formation of adrenahne 
It may, however, be due to various other reasons 
Firstly, the control was neither acidified nor boiled 
All the samples were shaken for several hours before 
the actual experiment was started m order to 
deplete the initial store This depletion probably 
contmued m the control samples durmg the penod 
of the experiment while m samples to which the" 
different ammes were added the activity of amme 
oxidase might have been inhibited Thus the 
stronger pressor activi^ could have been due not to 
a synthesis of adrenahne but to a prevention of its^ 
destruction 

On the other hand, a synthesis of adrenahne, 
either via epirune or via /loradrenalme, is considered 
by the authors In the light of the experiments 
reported m this paper the synthesis of adrenahne is 
unlikely because no ATP was added But the 
sjmthesis up to one stage before the end-product is 
possible The synthesis of epmme is unhkely 
because of its feeble pressor activity The synthesis 
of /loradrenahne is the most probable because it has 
a strong pressor activity and it may have been 
formed from oxytyramme durmg prolonged shakmg 
m air In their concludmg remarks Holtz and 
Kroneberg (1949) correct their previous view by 
puttmg forward the theory that m the suprarenals 
the chief mechamsm of adrenahne synthesis proceeds 
from oxytyramme via woradrenalme to adrenahne 
A side mechamsm, which would enable the sup- 
rarenals to use phenylethylamme or tyramme for 
adrenahne synthesis, ne^ further analysis by 
suitable methods Already m 1940 Vmet reported 
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experiments in which she mcubated minced sup- 
rarenal tissue with hydroxytyramine and found a 
formation of what she beheved to be adrenaline 
For the estimation a colonmetnc method was used, 
which, accordmg to Euler does not distmgmsh 
between adrenahne and noradrenaline Thus m 
Vmet’s experiments also a formation of noradren- 
alme from hydroxytyramine might have taken place 
The me&ods employed for the assays m nty 
experiments were far from accurate It must, 
however, be emphasized that they agreed, without 
exception, in the estimation of the relative activity 
of different samples The results are further 
strengthened by the use of known mixtures of 
adrenaline and noradrenalme as standard solutions 
In a few samples the proportion of adrenahne to 
noradrenalme was changed m the opposite direction 
indicatmg the possibility of the existence of a 
mechanism for the demethylation of adrenahne 
resulting m a formation of noradrenalme This has 
been suggested by Bacq and Fischer (1947) as one 
explanation for its presence m tissue extracts 

Summary 

1 Suspensions of ground dogs’ and cats’ sup 
rarenals are capable, dunng 1 hour’s mcubahon at 
37° C , of converting iioradrenahne to adrenahne 

2 The presence of ATP is essential for the 
methylation of noradrenahne 


3 Glands removed after prolonged splanchnic 
stimulation have a higher methylatmg power than 
glands taken from a freshly killed animal 

I wish to thank Dr L A Stocken, of the Department 
of Biochemistry, Oxford, for the supply of ATP used for 
these experiments, and Miss U Pardoe for her careful 
assistance I also wish to thank Dr M L Tamter for a 
supply of racemic noradrenahne 
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Observations on the secretion of adrenaline from 
the perfused suprarenal gland of the dog have been 
described by Biilbnng, Bum, and de Elio (1948) 
These experiments were carried out before the 
publication of work by various authors, Schumann 
(1948), Bulbring and Bum (1 949a and b) and v Euler 
and'Hamberg (1949), showing that the suprarenal 
medulla contains noradrenalme as well as adrenalme, 
and no tests were used which would have distm- 
gmshed between the two substances The numerous 
estimations were made with isolated loops of rabbit 
mtestme, companng the samples with adrenalme 
only The mam outcome was to show that the 
hberation of adrenalme-like matenal m the blood 
leaving the gland was modified by the presence of 
adrenalme m the perfusmg blood When this was 
very small m amount, stimulation of the splanchmc 
nerve liberated very little adrenalme-like matenal 
m the venous blood When the experiment was 
performed with progressively larger amounts of 
adrenalme m the perfusmg blood, stimulation of the 
splanchmc nerve liberated progressively larger 
amounts of adrenalme-like matenal untU an optimum 
concentration for adrenalme m the perfusmg blood 
was reached A further mcrease of adrenalme m the 
perfusmg blood beyond this optimum produced a 
steady declme m the amount of adrenalme-like 
substance liberated by splanchmc stimulation 
The work had, however, been begun with the 
object of studymg the formation of adrenalme by 
the isolated gland, and m thc'expenments m which 
less than 1 fig adrenalme per ml was present m the 
perfusmg blood, an mcrease m the amount of 
adrenalme-like matenal m the system was always 
observed Meanwhile West (1947), workmg m the 
pharmacological laboratory m Edmburgh, had 
shown that the rat uterus was much more sensitive 
to adrenalme than to noradrenalme When used as 
descnbed by de Jalon, Bayo, and de Jalon (1945) 
this test can be used to estimate adrenalme m a 
mixture of the tw'o drugs (see Gaddum, Peart, and 
Vogt, 1949) 


We therefore earned out a senes of five perfusion 
experiments m which we estimated adrenalme and 
noradrenalme separately throughout each expen- 
ment, and we now give a bnef description of the 
results which were obtamed 

Methods 

The experiments were performed as already descnbed 
by Bulbnng, Bum, and de Eho (1948), the nght gland 
being first removed m order to determme the content of 
adrenaline and noradrenahne per g , this was assumed 
to be the content of the left gland at the beginmng of the 
perfusion All venous blood from the perfused gland 
was collected m a senes of samples, and after the cells 
had been spun off, the plasma was tested The left gland 
was tested at the end of the perfusion By comparisons 
with adrenaline on the rabbit intestine a figure was 
obtamed which we took as the sum of adrenahne -f 
/joradrenahne By comparisons with adrenahne on the 
rat uterus we obtained a figure which we took as the 
amount of adrenahne only 

Results 

Perfusion was carried out for periods which vaned 
m different experiments from 2 hr 7 mm to 3 hr 
25 mm The rate of flow through the gland 
dimimshed dunng the course of the perfusion The 
followmg are the details of an expenment m which 
the flow was good throughout, starting at the rate of 
12 c c /mm and bemg 2 25 c c /mm at the termma- 
tion 2 hr 19 mm later 

Experiment No 1 

Right gland Total 2,391 /ig or 1 65 mg /g 

Adrenalme 1,162 pg 0 8 mg /g 

(bydifference)iVbradrenaline 1,229 pg 0 85 mg /g 

The left gland weighed 1 6 g Its active content at 
the beginning of the perfusion was assumed to be 
the same per g as that of the nght gland, hence 

Left gland Total 2,620 

Adrenalme 1,260 pg 

Voradrenaline 1,360 pg 
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At the end of the perfusion the contents of the 
left gland were found to be 

Total 2,062 Mg 

Adrenaline 1,762 
Aoradrenaline 300 (xg 

Dunng the perfusion the splanchnic nerve was 
stimulated contmuously for 1 hr , and at the end of 
this period noradrenalme was added to the perfusing 
blood so that the concentration present in terms of 
/-noradrenaline was 5 4 /xg /c c Dunng the rest of 
the perfusion 144 c c of blood passed through the 
gland so that the amount of noradrenalme added to 
the system in this way was 777 /xg In the venous 
blood from the perfused gland there was found 

Total 1,073 Mg 

Adrenalme 307 ^^g 
Aoradrenaline 766 Mg 

The following balance could therefore be drawn 


At begmnmg 

At end 

Adrenalme m gland 

1,260 Mg 

1,762 Mg 

„ m venous blood 


307 Mg 

Aoradrenahne m gland 

1,360 Mg 

300 Mg 

„ added to blood 

777 Mg 


„ m venous blood 


766 Mg 


3,397 Mg 

3,135 Mg 

The figures for the totals at the begmnmg 

and at the 


end show fairly close agreement, there being a loss of 
less than 8 per cent There was, however, a large 
loss of 1,071 Mg noradrenalme and a large gam of 
809 Mg adrenalme The evidence supports the view 
that durmg the perfusion noradrenalme was con- 
verted to adrenalme 

Of the four other experiments one was unsatis- 
factory because of the poor rate of flow through the 
gland There was little change in the total contents 
of the system though the stimulation of the splanch- 
nic nerve liberated both adrenalme and some 
noradrenalme m the venous blood The balance 
was as follows 

Experiment No 2 


At begmnmg 

At end 

Adrenalme m gland 

1,215 Mg 

415 Mg 

,, m venous blood 


821 Mg 

Aoradrenalme m gland 

0 Mg 

85 Mg 

„ added to blood 

155 Mg 


,, m \enous blood 


244 Mg 


1,370 Mg 

1,565 Mg 


The total adrenalme was almost identical in amount 
at the end as at the beginning (1,236 Mg as compared 
with 1,215 Mg ) though two-thirds of it appeared m 
the venous blood The total noradrenalme rose 
from 155 Mg to 329 Mg This change was an increase 


of 174 Mg on an initial total of 1,370 Mg , that is to 
say, it was 12 7 per cent The three remaming 
experiments were satisfactory Since the results 
were similar to those ih Exp 1 they have been 
summarized together m Table I 


TABLE I 

CHANGES OBSERVED DURING PERFUSIONS 


Exp 

Total 

Adrenahne 

Aoradrenaline 

f*g 

% 

PS 

% 

PS 

% 

1 

-262 

-8 

+ 809 

+64 

- 1,071 

-51 

3 

4-235 

4-22 

+315 

+40 

-80 

-26 

4 

-f226 

-bl6 

+292 

+29 

-66 

-17 

5 

-503 

-16 

+315 

+ 18 

-810 

-61 


The first point shown in the Table is that m each 
experiment there was a gam in adrenalme, and m 
each there was a loss in noradrenalme Even m the 
two expenments m which there was a net loss, there 
was nevertheless a gam in adrenalme, and m those 
m which there was a net gain this was exceeded by 
the gam m adrenalme The changes have also been 
expressed as percentages of the amounts ongmaUy 
present These percentages are large enough to 
show that the absolute changes are not so small as 
to be withm the error of the biological methods'used 

When each experiment is taken smgly there is 
some correspondence between the loss of nor- 
adrenalme and the gam in adrenalme m expenments 
Nos 1 and 5, but not m experiments Nos 3 and 4, 
m which the recorded loss of noradrenalme was 
small Jn expenments 3 and 4 the glands contained 
adrenalme only, both at the begmnmg and at the 
end of perfusion, while m expenments 1 and 5 the 
change shown m Table II took place In these 

TABLE U 


CONTENTS OF GLAND 



At beginning 

At end 

No of exp 

%Adr 

Vo Nor 

% Adr 

%Nor 

1 

48 

52 

86 

14 

5 

73 

27 

96 

4 


expenments both glands contained imtially a 
considerable amount of noradrenalme which at the 
end of the perfusion was very small This finding 
also suggests that noradrenalme was converted into 
adrenalme 
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Discussion 

The experiments furnish evidence that when the 
dog’s suprarenal gland is isolated from all other 
tissues and is perfused with heparmized blood from 
a pump, noradrenaline is methylated to form adren- 
alme m the course of the perfusion A change 
consistent with this conversion was observed in each 
of four satisfactory experiments In a fifth experi- 
ment in which the blood flow was poor there was no 
evidence of this change The absence of conversion 
in this expenment added weight- to the evidence of 
conversion m the others 

In each expenment the right suprarenal was 
analysed,, without havmg been perfused, as a control, 
and m three of the five glands so exammed nor- 
adrenahne was found present as well as adrenaline 
In these the noradrenalme constituted respectively 14, 
28, and 52 per cent of the total In two of the glands, 
however, we found only adrenahne, and m glands 
taken from two .other dogs also we found only 
adrenalme For this reason noradrenalme was 
added to the perfusmg blood m the perfusion 
experiments 

These results agree with the evidence of Bulbrmg 
(1949) that mmced suprarenal tissue transforms 
noradrenalme to adrenalme She observed that this 
process of methylation was much more active when 
the glands had first been depleted by a period of 
splanchnic stimulation The splanchnic nerve was 
stimulated m experiments 1 and 3 of the perfusions, 
and the percentage increase m adrenalme was 


greater m these expenments than in the others m 
which the splanchnic nerve was not stimulated 


Summary 

1 The dog’s -Suprarenal gland may cdhtam not 
only adrenalme, but also noradrenahne Out of 
seven glands three were found to contam both these 
substances 

2 When the gland was perfused with heparmized 
blood, rtoradrenalme bemg added to this blood, an 
increase in the amount of adrenalme was observed 
comcidmg with a decrease in the amount of 
noradrenalme The conversion of noradrenalme to 
adrenalme is mdicated 

We wish to thanlyMr H W Ling for help with the 
perfusions and Mr “J R Vane for carrying out some of 
the estimaUons , 
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It has been reported (Domagk, Behiusch, Mietzsch, 
and Schmidt, 1946, Domagk, 1948) that some 
thiosemicarbazones of cychc aldehydes and ketones 
show antituberculous activity m vitro In some 
instances, activity m vivo was also demonstrated m 
experimental animals, and certain compounds have 
been used m the treatment of lupus and pulmonary 
tuberculosis (Moncorps and Kalkoff, 1947 , Domagk, 
1948, Kuhlmann, 1948) with results which are 
claimed to be encouragmg We have undertaken a 
systematic investigation of denvatives of thiosemi- 
carbazide both m vitro and in vivo, using methods 
which have been described in earher papers in this 
senes (Martin, 1946, Hoggarth and Martm, 1948a) 
The compounds which have shown most mterest are 
all thioseimcarbazones of monosubstituted benzalde- 
hydes, the general formula of which may be wntten 
as follows 

S 

Results 

The test method consisted of the infection of mice 
by the intravenous route, and their treatment by 
drugs administered orally twice daily by synnge and 
catheter at doses rangmg downwards from the 
maximum tolerated The results are presented m 
the form used in precedmg papers 

(i) Substitution in the aryl residue — ^Thiosemicar- 
bazones of variously substituted benzaldehydes are 
listed m Tables I and II The parent aldehydes m 
Table 1 carry one substituent In some instances 
the same substituent has been placed m the three 
possible positions with respect to the thiosemicar- 
bazone group The compounds in Table II have 
two substituents m the aryl nng 

(ii) Thiosemicarbazones of lieterocychcal aide- 
hides — The results are given in Table III Com- 


TABLE I 

ANTITUBERCULOUS TESTS ON SOME THIOSEMICARBAZONES 
OF MONOSUBSrrrUTED BENZALDEHYDES 

Doses given twice daily by synnge and catheter 
Clompounds of the form 

NH, 

ArCH NNHC'^ 


No 

Ar 

Dose 
(mg per 

20 g 

mouse) 

Increased 

•mean 

survival 

time 

(days) 

Increase 

required 

for 

sigmficance 

(days) 

5669 

phenyl 

0 25 

+01 

\ 17 



05 

+ 1 1 

/ 



05 

+27 

3 0 

5670 

/T-chlorophenyl 

0^ 

-0 3 

\ 1 7 



05 

+2 1 

/ „ 



05 

+3 3 

3 0 

6056 

p-nitrophenyl 

05 

+4 3 

\ 1 7 



1 0 

+6 7 

/ 



05 

+72 

\ 2 2 


1 

1 0 

+8 7 

/ 

6267 

wi-mtrophenyl 

0 1 

+0 1 

1- 17 



0^ 

-0 3 


5704 

o-nitrophenyl 

025 

-03 




05 

+0 9 

1 17 



1 0 

-0 1 

J 

6198 

p-aminophenyl 

1 0 

+3 3 

1 4 

6087 

p-methylamino- 

1 0 

+41 

I- I 6 


phenyl 

30 

+2 4 

/ 

6147 

p-ethylainino- 

025 

+3 2 • 

V 1 4 


phenyl 

05 

+3 5 . 

/ 

5672 

p-dimethyl- 

1 0 

+4 7 

1 6 


aminophenyl 

1 5 

+5 1 • 

V 1 7 



20 

+6 5 . 

I 
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TABLE I— contd 




Dose 
(rag per 

20 g 

Increased 

Increase 



mean 

reqmred 

No 

At 

survival 

for 



tune 

sigmficance 



mouse) 

(days) 

(days) 

6148 

p-methylethyl- 

0 25 

+2 2 

} “* 


aminophenyl 

05 

+2 9 

5916 

p-diethylamino- 

0 25 

+0 9 

} ,9 


phenyl 

05 

+3 4 

5961 

N-p-pyrroh- 

025 

0 

1 22 


dinophenyl 

05 

+5 7 

6473 

p*di-§-chloro- 

01 

-0 4 

1 } - 


ethylamino- 

025 

+0 5 


phenyl 




6478 

p-ethyl-(3- 

1 0 

+2 2 

1 2 

1 

chloroethyl- 

aminophenyl 




6082 

p-hydroxy- 

WM 

+8 4 

28 


phenyl 


+8 I 

1 3 



mmm 

+ 10 8 

j- 20 



B9 

+ 11 2 

5958 

o-hydroxy- 

50 

+0 3 

1 4 


phenyl 

10 0 1 

1 

-0 8 

1 6 

6057 

p-amsyl 

25 

+6 1 

1 4 


50 

+8 4 

22 



50 

+ 101 

1 2 

6083 

TO-anisyl 

mm 

13 1 

1 




15 ' 





45 

J 

6253 

o-anisyl 

025 

0 

} 



05 

+0 7 

'6524 

p-phenetidyl 

20 

+4 5 

1 4 

6772 

p-i5opropoxy- 

1 0 

+4 2 

} “• 


phenyl 

20 

+ 5 6 

6462 

p-methylmer- 

025 

+2 8 

} 


captophenyl 

05 

+4 7 

8574 

p-methylsul- 

5 0* 

+ 100 

3 3 


phonylpheny] 



8388 

p-ethylsul- 

50 

+ 127 

} 27 


phonylpheny] 

i 10 0 

+ 11 6 



10 0 

+9 8 

1 5 

8580 

p-/t-propylsul- 

10 0 

+9 3 

28 


phonylphenyl 




6463 

p-thiocyano- 

05 

+4J2 

} 


phenyl 

1 0 

+5 6 


pound No 6060 is the thiosenucarbazone corre- 
sponding to S-rutrofurfiiral semicarbazone (“ Fura- 
cm ”) The latter was also tested under the same 
conditions (doses 0 5 and 1 0 mg per 20 g mouse) 
and was inactive * 

(ill) Aliphatic thiosemicarbazoms — Thiosemicar- 
bazones derived from a few ahphatic aldehydes 
(heptaldehyde, cinnamaldehyde, p-dimethylammo- 

TABLE n 

ANTITUBERCULOUS TESTS ON SOME THIOSEMICARBAZONES 
OF DlSUBSrrrUTED BENZALDEHYDES 

Doses given twice daily by syringe and catheter 
Compounds of the form 

NHj 

ArCH NNHC^ 




Dose 
(mg per 

20 g 

mouse) 

1 

Increased 

Increase 



mean 

required 

No 

At 

survival 

for 



tune 

significance 



(days) 

(days) 

5887 

2 4-dmitro- 

05 

+0 5 



phenyl 

1 0 

+0 8 


20 

+ 1 9 

1 6 

6465 

3-nitro-4- 

025 

+0 1 

} 


dimethyl- 

ammophenyl 

05 

0 


6464 

3-mtro-4- 

mm 

+0 4 

} 


diethyl- 1 

anrunophenyl 

m 

+ 1 4 


6475 

2-chloro+Kii-p- 

20 

+0 8 

1 7 


chloroethyl- 

anunophenyl 




6468 

4-ethylammo- 

0 1 

+ 1 1 

} 


m-tolyl 

025 

+ 1 0 

6476 

4-di-p-chloro- 

1 0 

i -1 9 

} 


ethylammo- 

o-tolyl 

30 

+ 13 


6222 

4-hydroxy-OT- 

8 0 

+0 6 

1 4 


anisyl 




6255 

3 4-dimethoxy- 

1 0 

+ 14 

1 


phenyl 

20 

+2 9 

y 1 4 



20 

+3 1 

j 

6266 

4-ethoxy-77i- 

50 

+5 3 

1 4 


anisyl 


1 


6197 

3 +methylene- 

05 

+1 9 

} 


dioxyphenyl 

1 0 

+3,2 


* Hus compound proved toric at this dose, and ten of the twenty • It has been shown recently that “ Furacin ” has no therapeutjc 
mice present ortgmally in the treated group died m the first few days effect in tuberculous gumea pigs (Wohnsky, E. Wetzel V and 
of the espenment Slecnkcn, W^ 1949, Proc. Soc exp Biol Med^ 70, 483) 
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TABLE nr 

ANTITUBERCULOUS TESTS ON SOME THIOSEMICARBAZONES 
OF HETEROCYCLICAL ALDEHYDES 

Doses given twice daily by synnge and catheter 
Compounds of the form 

NH, 

/ 

RCH NNHC 

S 



! 

Dose 
(mg per 

20 g 

mouse) 

Increased 

Increase 



mean 

required 

No 

R 

survival 

for / 



time 

(days) 

significance 

(days) 

6060 

2-(5-mtrofur- 

1 0 

-1 6 

} 


furyl) 

20 

-3 2 

6116 

2-qumolyl 

25 

+09 

} 



5 0 

-hi 1 

6099 

4-quinolyl 

1 0 

-hl6 

;} 



50 

-h6 2 


cinnamaldehyde, and dextrose) were all without any 
activity and results are not given m detail 

(iv) Substitution III the thiosemicarbazone group — 
The hydrogen atoms of the thiosemicarbazide 
lesidue — i e., those on nitrogen atoms N* and N^, 
and also that on the sulphur atom m wothioserm- 
carbazide ( NN C(SH)NHt) — ^were replaced by 
alkyl groups, smgly or in paus The parent aldehyde 
for most of these denvatives was p-dimethylamino- 
benzaldehyde or p-anisaldehyde Results with these 
compounds are reported m Table IV a and b 

(v) Ketone thioseniicarbazones — Some thiosemi- 
carbazones derived from ahphatic and aromatic 
ketones (e g , acetophenone, p-methoxyacetophen- 
one, 5-diethylaminopentane-2-one) were found to 
be mactive 

(vi) Benzaldehyde seinicarbazones and benzalamino- 
guanidines — No activity was found in the semi- 
carbazones of benzaldehyde, p-hydroxy, p-methoxy-, 
or p-dimethylammobenzaldehyde, nor in the benzal- 
aminoguanidines derived from the two last-named 
aldehydes 

(vii) Related compounds — The inactivity of the 
compounds mentioned in paragraph (vi) above 
indicated that the thioureido portion of the thio- 
semicarbazide group was essential We have 
therefore examined other compounds in which the 
spatial relationship between an aryl nucleus and a 
thioureido group was similar to that in the benzalde- 
h\ de thiosemicarbazones These compounds (21 in 


TABLE IV 

ANTITUBERCULOUS % TESTS ON SOME SUBSTITUTED THIO 
SEMICjUIBAZIDE DERIVATIVES OF p-DIMETHYLAMINOBENZ- 
ALDEHYDE 

Doses given oraUy twice daily by synnge and catheter 
^ (a) Compounds of the form 

(4)' 

NR, 

( 2 ) y/ 

(CH,),N<^^^CH N NR C"^ 

'^S 






Dose 

Increased 

Increase 





(mg 

mean 

required 

No 

1 Substituents on 

per 

survival 

for 





20 g 

tune 

significance 






1 N“ 

N‘ 

1 N* 

mouse) 

(days) 

(days) 

5873 

H 

CH, 

H 

1 0 

-02 

} 





20 

+0 3 

5874 

H 

C,H, 

H 

50 

+ 1 6 

19 ' 



(n) 





5875 

H 

CsH, 

H 

1 0 

+07 

} 





20 

+0 1 

5876 

H 

(iso) 

CaH, 

H 

70 

-0 8 

1 9 

5877 1 


(n) 





H 

CiH, 

H 

50 

-1 5 

\ 22 




1 

10 0 

-0 9 





10 0 

+0 1 

1 9 

5878* 

H 

(iso) 

C,H, 

H 

1 0 

+2 5 

1 22 





50 

+5 9 





50 

+ 57 

1 9 





2 5 

+3 3 

22 





50 

+8 5 

6258* 


(sec) 



1 


H 

QH, 

H 

-10 

-0 2 

} 





20 

-1 0 

6067 

CH, 

CH, 

H 

1 0 

+ 1 0 

1 6 

6068 

CH, 

C,H, 

H 

05 

+ 1 6 

} 





1 0 

+0 5 

6069 

CH, 

(iso) 

C,H, 

H 

05 

+04 

1 6 

6070 

CH, 

in) 

QH, 

1 

H 

10 0 

+ 1 9 

1 6 

6290* 

H 

CH, 

CH, 

0 5 

-0 8 

|} 





1 0 

-0 5 


• Compounds analogous to Nos 5878 6258 and 6290 but prepared 
from p-anisaldchyde in place of /Mluncthylamlnobcnzaldehyde were 
inactive 


CHEMOTHERAPY OF TUBERCULOSIS THI0SEMICARB4Z0NES 


251 


TABLE IV— contd - 


{b) Compounds of the form 


(4) 


NR 


(CH;),N<^ 


> 


(2) y 

CH NNRC 

\ 


SCH3 


J 

No 

Substituents on 

Dose 

(mg 

per 

20 g 

mouse) 

Increased 

mean 

survival 

time 

(days) 

1 

Increase 

required 

for 

significance 

(days) 

N= 


6085 

H 

H 

05 

1 0 

1 -0 3 

-f-0 2 

} 

6080 

« 

CHa 

05 

1 0 

0 

-07 

} 

6081 

H 

ilso) ' 
CaHv 

1 0 

2 0 

-0 4 
-04 

} 

6086 

CHj 

CHs 

05 

1 0 

-07 
+0 4 

} 


all) fall into the first six classes listed below The 
last category (phenyl thioureas) represents the 
simplest possible combination of an aryl nucleus 
and a thioureido group All these* compounds were 
completely inactive 

ArCH NNHCSNH 2 

(Benzaldehyde thiosemicarbazones) 

Ar CO NH NH CS 

1 -Benzoyl thiosemicarbazides 
Ar SOoNH NH CS NHj 

1 -Benzenesulphonylthiosemicarbazides 
ArCH NNHCSNHN CHAr 

Dibenzalthiocarbhydrazides 
Ar NH CS NH CS NH, 

Phenyldithiobiurets 
Ar NH C(NH) NH CS NH. 

Phenylguanylthioureas 
Ar CO NH NH CS NH CO Ar 

1 4-Dibenzoylthiosemicarbazides 
ArNHCSNH. 

Phenylthioureas 

(Ar = an aryl residue usually with a para substituent 
which was either Cl, NO^, HO, CH3O, (CHs).N, 
CH3, or NHj SOj ) 


TABLE V 


FURTHER ANTITUBERCULOUS TESTS ON THE MORE ACTIVE THIOSEMICARBAZONES OF MONOSUBSTl 1 LTIED BENZALDEHYDES 


Drugs (mixed with powdered food) administered to groups of 20 mice for the first fourteen days of the test 
Compotmds of the form 




/NH* 

CH NNHC 

S 


No 

R 

i Estimated 

daily mtake (mg ) 
of drug per 

1 20 g mouse 

Observed 
mean 
survival 
time (days) 

Increased 
mean 
survival 
time (days) 

Increase 
required for 
significance 
(days) 

First 

death 

(days) 

Last 

death* 

(days) 

5672 

N(CHs)s 

1 5 

20 7 

3 8 

1 5 

17 

26 


1 

j 20 

24 2 

6 5 

2 1 

18 

29(5) 

6057 

OCHj 

5 0 

23 8 

6 1 

!> 2 1 / 

21 

29(1) 



10 0 

259 

8 2 


14 

29(3) 



5 0 

20 7 

3 8 

1 5 

16 

25(2) 


1 

50 

25 3 

66 

1 

20 

17 

33 

6082 

OH 

10 0 

29 6 

10 8 

'1 2 0 / 

19 ! 

35(2) 



20 0 

30 0 

11 2 



35(5) 



20 j 

22 4 1 

28 

1 f 


30 



5 0 ' 

27 2 

76 

[ 30 ] 


31 

- 1 


100 

30 5 

10 9 

J 1 

22 

33 

8388 

SO.C.H, 

20 

32 7 

13 1 

T r 

25 

40 



50 

34 8 

15 2 


26 

50 



10 0 

35 4 

15 8 

J L 

28 

50 


• Figures in parentheses give number of survivors at the termination oT the cxpenmenL. In all the above experiments all control mice were 
dead by the 22nd day except for a single mouse which survived to the 27th day m one test 


R 
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(viii) Further comparisons of active compounds — 
Examination of Table I reveals that highest activity 
IS shown by the thiosemicarbazones of p-hydroxy- 
benzaldehyde (6082), ;?-amsaldehyde (6057), and the 
group of p-aUcylsulphonylbenzaldehydes (8388, 8574, 
8580) With all these compounds increases up to 
ten or twelve days m the mean survival time have 
been recorded, and it was felt desirable to compare 
these compounds duectly one with another 

For this purpose we have preferred to admmister 
the drugs mixed with the powdered food over a 
penod of fourteen days, as previously described 
(Hoggarth and Martin, 1948b) We find that, on 
the whole, the effects observed with the two methods 
of admimstration (when the total daily intake of 
drug IS the same) do not differ greatly from one 
another The results are given m Table V 
The toxicities of the compounds m Table V are 
of mterest m connexion with their therapeutic effects 
In general the highest doses quoted in this table 
were the highest found to be tolerated without 
serious toxic effects by uninfected mice We have 
not attempted to detemune median lethal doses, but 
thC' observations recorded m Table VI were made 

TABLE VI 

TOXIC EFFECTS OF TIUOSEMiCARBAZONES NOS 5672, 6057, 
6082, 8388 

Drugs given by synnge and cathether twice daily to 
groups of twelve mice for three weeks 


No 

Dose 

(mg per 20 g ) 

Effect 

5672 

1 0 

None 


20 

Growth sbghtly retarded but 
no deaths 


40 

Failure to gam weight (4 
deaths) 

6057 

40 

None 


6 0 

80 

10 0 

(Growth retarded but no 


f deaths 

6082 

10 0 

None 

8388 

40 

None 


6 0 

80 

10 0 

(Growth slightly retarded 


[but no deaths 


From these limited observations, 6082 appears to 
be the least toxic, and in another expenment mice 
were given food containing 0 25% of this substance 
(estimated daily intake of drug 10 mg per 20 g) 
for 7 weeks without obvious toxic effects When 


this concentration of 8388 was added to the food, 
the animals at first refused to eat it but later did so, 
without apparent harm, for 120 days 

Discussion 

Our investigation of thiosemicarbazones and 
related compounds has shown that marked activity 
against an acute infection with Mycobacterium 
tuberculosis in mice is limited to the thiosemicar- 
bazones of substituted benzaldehydes or hetero- 
cychcal aldehydes Substitution of the hydrogen 
atoms of the thiosemicarbazide residue by alkyl 
groups usually abohshes activity, and the few 
thiosemicarbazones denved from alkyl-substituted 
thioseimcarbazides which are active are usually less 
so than the parent compound Activity has not 
been found amongst the many closely related 
compounds examined The relationship between 
activity and the type and position of substituents in 
the aromatic nucleus of benzaldehyde thiosemi- 
carbazones may be inferred from Tables I and 11 
For highest activity a para substituentTs necessary, 
though a few substituents m the meta position confer 
activity High activity is found with alkylsulphonyl, 
nitro, ammo, hydroxy, mercapto, and thiocyano 
groups in the para position, but only low activity 
with a para chloro group Alkylation of the para 
hydroxy group does not result in significantly higher 
activity Amongst the p-arainobenzaldehyde thio- 
semicarbazones the peak of activity is shown by the 
dimethylammo compound We have examined 
three thiosemicarbazones of /i-alkylsulphonyl benz- 
aldehydes, all of which are highly active, the 
ethylsulphonyl compound is possibly the most active 
The methylsulphonyl compound is more toxic than 
the other two Introduction of a second substituent 
in the aryl residue usually reduces activity greatly 
The activity of quinoLne-4-aldehyde thiosemicar- 
bazone is withm the range of activity of the benz- 
aldehyde thiosemicarbazones 

The response observed with the most active 
corapoimds of this type (Nos 6057, 6082, 8388, 8574, 
and 8580) under the particular conditions of our 
routine test was better than that obtained with any 
other synthetic substance (including p-aminosali- 
cylic acid) which we have yet examined When the 
drugs were given mixed with the food for the first 
fourteen days only of the test, it has proved possible 
wath most of tnese compounds to keep all treated 
animals ahve until after the death of the last control 
animal The treated animals did eventually die 
with marked tuberculous lesions of the lungs 

The activity in vitro of all the compounds men- 
tioned above was determined by our usual method 
(Hoggarth and Martin, 1948a), but the results are 
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not given here in order to save space We agree 
with the general statement of Domagk and his 
co-workers that the compounds with most activity 
in vitro in this senes will inhibit growth of the 
tubercle 'bacillus at concentrations of 1 50,000- 
1 100,000 In our in vitro test we commonly find 
that the concentration at which growth is equal to 
controls is not less than 1/9 or 1/27 of the concen- 
tration for complete inhibition — e g , No 6082 will 
completely inhibit growth at 1 81,000 but has no 
inhibitory effect at 1 2,000,000 With certain 
compounds of this series — e g , Nos 6056, 6099, 
6255, 6266, 8388 — partial growth took place even at 
1 1,000, the highest concentration tested, but 
inhibition of growth could be detected at a concen- 
tration of I 729,000 or 1 2,000,000 We beheve 
this unusually wide range of partial activity to be a 
real phenomenon, as it has been observed repeatedly 
with the substances mentioned and also occasionally 
with substances having no therapeutic action Many 
compounds of high activity in vitro were devoid of 
activity in vivo 

The substances tested clmicaUy by the German 
workers may be identified by the key given by 
Domagk (1947) These correspond to our numbers 
8388, 6057, and the acetyl denvative of our number 
6198 We find that the thiosemicarbazone of 
j3-ethylsulphonylbeDzaldehyde (8388) is superior in 


Its therapeutic effect to any of the other compounds 
of Its class which we have exammed This is a 
reflection of its marked persistence in the blood 
stream (Spinks, 1949) 

Summary 

Antituberculous activity m mice has been investi- 
gated in certam derivatives of thiosemicarbazide 
and related compounds After a study of about 
one hundred such compounds, therapeutic activity 
has been found to be confined to thiosemicarbazones 
of substituted benzaldehydes and heterocyclical 
aldehydes 

Our thanks are due to Dr N Barton of these labora- 
^tones for samples of phenyldithiobiuret compounds 
"onginally prepared by him for antimalanal test 
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Thiosemicarbazones of some aromatic aldehydes 
have been shown to possess appreciable antituber- - 
culous activity (Domagk, Behmsch, Mietzsch, and 
Schmidt, 1946, Domagk, 1948, Hoggarth, Martin, 
Storey, and Young, 1949) Among the compounds 
described by Hoggarth et al (1949) the most 
promising were p-amsaldehyde thiosemicarbazone 
(6057, I, R = CH 3 O), / 1 -hydroxybenzaldehyde 
senucarbazone (6082, I, R = OH) and p-ethyl- 
sulphonylbenzaldehyde semicarbazone (8388, I, R 
= C HjS 02 ) The methods descnbed here were 

R— CH=N— NH— CS— NHj 

6057 R = CH,0 (I) 

6082 R = OH 
8388, R = CjH,SOj 

developed so that the absorption and excretion of 
these three compounds could be studied m relation 
to their therapeutic effects m mice 



Fig I —Absorption spectra of 6057 (A), 6082 (B) and 
S38S (C) in chloroform Ordinates t X 10"*, 
absassae wavelength (m/i) 


Experimental Section 

It IS known that certain unsaturated thiosemi- 
carbazones show mtense absorption of ultraviolet 
light (Heilbron, Johnson, Jones, and Spinks, 1942) 
The absorption spectra of the three compounds in 
chloroform were therefore exarmned by means of 
the Beckman photoelectric spectrophotometer (Fig 
1)* They were quite suitable for the purpose of 
estimation provided that a method of extraction 
from biological flmds could be devised It was 
found that 6057 and 8388 could be extracted by the 
same simple procedure but that 6082 cbuld not 
Descriptions of the methods and of their use in 
animal experiments follow 

1 Estimation of p-amsaldehvde thiosemicarbazone (6057) 

and p-ethylsulphonylbenzaldehyde thiosemicarbazone 
(8388) in blood 

Reagents 

1 0 2M-disodium hydrogen phosphate, preserved by 
adding a trace of chloroform 

2 BP chloroform 

3 0 2 g /lOO ml stock solution of 6057 or 8388 in 
methanol (stable m the dark) 

4 1 mg /lOO ml standard solution, prepared just 
before use by dilutmg the stock solution with water 

Procedure 

Pipette 2 ml of blood into 4 ml of 0 2A/-disodium 
hydrogen phosphate m a 60 ml glass-stoppered bottle 
Add 40 ml of chloroform and shake for 5 min An 
emulsion rarely forms, and can always be resolved by 
centnfuging the bottle Withdraw most of the lower 
layer and clanfy it by filtration through Whatman No 1 
or similar semi-fine paper, or by shaking it in a clean dry 
bottle with about half a gram of anhydrous sodium 
sulphate, A R Transfer it to a 1 0 cm silica spectro- 
photometer-cell, and read the optical density at 325 mp 
(6057) or 332 mp (8388) against a blank Let the readmg 
be “ o ” Prepare the blank and a standard at the same 
time as the unknown by substituting 2 ml of distilled 
water, and 2 ml of the standard solution for blood m 
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the above procedure Read the standard also against 
the blank Let the reading be “ Z> ” Then the concen- 
tration of 6057 or 8388 in the unknown is ajb mg /lOO ml 
Normal blood gives a reading equivalent to about 
0 05 mg /1 00 ml , which must be subtracted from the 
expenmental results 

Notes 

Tt was established that the graph of concentration 
against optical density was a straight line a single 
standard was therefore adequate Disodium hydro- 
gen phosphate was added because previous experi- 
ence with similar methods (Spinks, 1946^ had shown 
that the extraction of interfenng materials from 
blood was reduced when the blood was buffered to 
weak alkahmty At first this caused difficulty 
because the disodium hydrogen phosphate used 
contained mercuric chloride as preservative Extrac- 
tion of 6057 was completely prevented, presumably 
^ because it formed a solvent-insoluble mercury salt 
When a trace of chloroform was substituted for 
mercuric chloride recovery from water and blood 
was quantitative (Table I) The recovery from 


TABLE I 

RECOVERY OF 6057 AND 8388 FROM BLOOD (2 ML ) 



plasma and urine was also quantitative However, 
concentrations of 6057 in urme were later found to 
be very low, so that its presence had to be confirmed, 
and us amount assessed, by constructmg a full 
absorption spectrum of each extract Concentra- 
tions of 8388 in urme were much higher, and the 
method described could be used without modifica- 
tion 

2 Estimation of p-hydroxybenzaldeln de tliiosemicar- 
bazoiie (6082) in plasma 

Reagents 

1 4A/-sodium dihydrogen phosphate 

2 BP chloroform 

3 1 g /lOO ml sodium carbonate 

4 and 5 SoluUons of 6082 as descnbed for 6057 and 

8388 


Procedure 

Pipette 2 ml of plasma (which must not be contami- 
nated by haemolysis) into a bottle Add 2 ml of 4iVf- 
sodium dihydrogen phosphate and 40 ml of chloroform 
Shake vigorously for 5 min and filter the lower layer 
into a measuring cylmder Transfer an aliquot of 30 ml 
to a dry bottle Add 8 ml of 1 per cent sodium carbonate 
and shake vigorously for 3 min Decant the upper layer’ 
into a test tube, centrifuge it for 5 min , and transfer it 
to a 2 cm spectrophotometer cell Read the optical 
density (“ a ”) against a blank at 330 my The blank 
and a standard are prepared by substituting 2 ml of 
water and 2 ml of a 1 mg /lOO ml standard solution of 
6082 for plasma in the above procedure If the reading 
of the standard is “ b ” the concentration of 6082 m the 
unknown is Falb mg /lOO ml , where F is a recovery 
factor derived from data such as those of Table III 

Notes 

Only a trace of 6082 was extracted from water or 
blood under the conditions used for 6057 This 
was shown to be due to two effects first, 6082 was 
a stronger acid (pKa about 9 5) than its phenolic 
structure had suggested (Table II), and second, it 
could not be fully extracted even at low pH values 
unless salted out by a high concentration of buffer 
(Table II) Further, when a pH of 4 8 and a high 

TABLE n 


EFFECrr OF pH OF ADDED BUFFER, AND MOLARITY OF ADDED 
NaH2p04 ON THE EXTRACTION OF 6082 FROM WATER 
INTO CHLOROFORM 


pH of 

0 2 Af-buffer 

% 

Extraction 

Molanty of 
NaH.P04(pH4 8) 

1 

V 

/o 

Extraction 

5 0 

48 

40 

101 

6 0 

45 

20 

88 

7 0 

46 

1 0 

70 

8 0 

41 

0 5 

60 

8 9 

32 

02 

52 

106 

6 5 



lOXNaoCOa 

0 




buffer concentration were used m the extraction of 
blood very large amounts of interfering material, 
equivalent to several mg of 6082/100 ml , were 
extracted , and even then the recovery of 6082 was 
only about 20 per cent Consequently, plasma was 
analysed instead Interfering material was again 
removed, but m less amount, and when the 6082 
was re-extracted into 1 per cent sodium carbonate 
(cf Table HI) the blank was reduced almost to zero 
The recovery of 6082 from plasma was incomplete 
but adequate (Table III) 'Ilie recovery from urine 
was theoretical, but 6082, hke 6057, reaches only 
low concentrations in urine, and full absorption 
spectra of extracts must be constructed 
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TABLE m 

RECOVERY OF 6082 FROM PLASMA 


Added, pg 

Found, fj-s 

% 

Recovery 

(Na.CO,) 

1st extraction 
(CHQ,) 

Re-extraction 
(1% Na,CO,) 

0 

6 17 

0 07 



4 

9 75 

3 00 

73 

10 

14 0 

7 24 

72 

20 

19 3 

14 9 

74 

30 

26 2 

23 2 

77 

40 

32 4 

31 2 

78 

0 

4 25 

0 

— 

20 

18 9 1 

12 8 

64 

40 

39 0 1 

29 0 

72 



Mean 

73 






A disadvantage of analysing 6082 m plasma was 
that much data had already been obtamed on the 
concentration of 6057 m blood However, the 
validity of comparing blood with plasma concen- 
trations in this series is mdicated by the virtual 
identity of concentrations of 6057 m blood and 
plasma and by the fact that concentrations of 8388 
in plasma are about 70 per cent of those m blood 
(results not shown) Another important pomt is 
that the major difference between the compounds is 
in rate of ehmmation from the blood , its apparent 
value could hardly be affected by analysing plasma 
instead of blood 


3 Animal Experiments 

(a) Mice — Each compound was given to groups 
of 4 mice m doses of 500 mg /kg , administered orally 



Fig 2 — Concentrations of 6057 in mouse (A) and rat 
(B) blood, 6082 in mouse plasma (Q and 8388 (D) 
in mouse blood after the oral administration of 
500 mg /kg Ordinates Milhgrams per litre 
Abscissae Hours after administration 


by synnge and blunt needle as a 2 per cent aqueous 
dispersion Groups were killed at intervals after 
dosmg by withdrawmg heart blood under heavy 
chloroform anaesthesia Blood from the 4 animals 
of a group was pooled for analysis The concen- 
trations found are shown m Fig 2, which also 
mcludes the results of a similar experiment on 
6057 m rats 



Hours after dosln| 

Fig 3 — Con^ntrations of 6057 (A) and 8388 (B) m 
blood, and 6082 (C) in plasma, after oral doses of 
250 mg /kg in rabbits Each graph is the average of 
three experiments Concentrations of 6057 in 
blood (D) after i v administration of 40 mg /kg to 
a single rabbit are also shown Ordinates MiUi 
grams per htre Abscissae Hours after administra 
tion 



Fig 4 — Absorption spectra of chloroform extracts of 
the first day s unne from rabbits receiving 6057 (A) 
and 8388 (B), and rats receiving 6057 (C), and of a 
54 hour-blood sample (D) from a rabbit receiving 
8388 Ordinates Optical density Abscissae 
Wavelength (m/x) 
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(i) Rabbits — ^Each compound was administered 
orally to rabbits as a 10 per cent aqueous dispersion, 
given by syrmge and rubber catheter m doses of 
250 mg /kg 6057 was also admimstered mtraven- 
ously as a 2 per cent dispersion m a dose of 40 mg /kg 
Rabbits were bled from a marginal ear vem at 
mtervals after dosmg The results are shown in 
Fig 3 The identity of 8388 m a sample of rabbit 
blood taken 54 hours after dosmg was confirmed 
spectrophotometncaUy (Fig 4) 8388 could be 

detected m rabbit blood under these conditions for 
about a week 

Excretion of the three compounds m urme was 
exammed using some of the above rabbits Fig 4 
shows the absorption spectrum of an extract of the 
first day’s unne of a rabbit receiving 6057 It was 
estimated from such curves that the amount of 6057 
excreted in the unne did not exceed 1 pier cent of 
that administered (Fig 5) , 6082 behaved similarly 



Fig 5 — ^Excretion of 6057 (A) and 8388 (B) m the unne 
of typical individual rabbits after oral doses of 
250 mg /kg Ordinates Percentage of dose in 
unne Absassae Days 

Rats excreted about 2 per cent of an oral dose of 
500 mg of 6057/kg Here the smaller unne volume 
permitted defimte identification of the excreted 
matenal (Fig 4) 8388 was readily identified even 

m rabbit unne (Fig 4) Its behaviour was m sharp 
contrast to that of 6057 or 6082, smce larger amounts 
appeared m the unne, and excretion contmued over 
several days (Fig 5) However, only about 10-14 
per cent of the amounts administered to three 
rabbits were accounted for m the unne Unfor- 
tunately, the analytical methods could not be 
applied to faeces, but it is improbable from analogy 


with other compounds of similar simphcity that 
much matenal was lost m the faeces It may 
reasonably be assumed that most of each compound 
was degraded in the body (cf Discussion) 

- Discussion 

The most important finding is that whereas 6057 
and 6082 are rather rapidly ehmmated, and attam 
only low blood or plasma concentrations, 8388 is 
very persistent and attains high blood concentra- 
tions The marked difference between 8388 and the 
other two compounds is particularly evident when the 
areas beneath the blood concentration-time curves 
are measured The figures for mice, expressed in 
arbitrary units, are 6057, 2 4, 6082, 3 1 , 8388 (to 
72 hrs after dosing) 154 

The results are m excellent agreement with the 
antituberculous properties of the three compounds, 
since 8388 is the least active in vitro (Martin, 1948) 
and the most active in vivo (Hoggarth et al , 1949) 
It may reasonably be assumed that repeated" 
admimstration durmg the therapeutic tests would 
lead to differences m blood concentration even 
more marked than those recorded here The 
agreement between concentration and therapeutic 
effect suggests that the thiosemicarbazones act 
directly and not after conversion to metabolites 

It IS important to consider the likely reasons for 
the difference between 8388 and 6057 or 6082, 
because of then possible bearing on the design of 
compounds that rmght attam blood concentrations 
similar to those of 8388 and have intrinsic activity 
comparable with that of 6057 or 6082 At present 
this consideration must necessarily be highly 
speculative The nature of the blood concentration- 
time curves indicates that the mam pharmacological 
difference between the compounds is m rate of 
elimination from the blood Both 6057 and 6082 
appear to be rapidly absorbed, probably more 
rapidly than 8388 Because most of each compound 
IS degraded m the body it follows that the differences 
m the rates of elimination are mainly conferred by 
variation in the rate or manner of degradation 
This IS further supported by the fact that 8388, 
which IS the most persistent compound, is never- 
theless excreted m larger amount than the other two 

At first sight, the most likely point of chemical 
attack IS the thiosemicarbazone group If this be so 
it must be assumed that the group is readily attacked 
m 6057 and 6082, and only attacked with difficulty 
in 8388 Some weak indirect evidence in support of 
this assumption is available, m that Hoggarth (1948) 
has showTi that a methoxy group m the para position 
of certam compounds related to benzaldehyde 
thiosemicarbazone renders the thiosemicarbazide 




258 


A SPINKS 


residue more susceptible to scission However, a 
spectrophotometnc search for metabolites m extracts 
of urine from rabbits receiving 6057 failed to indicate 
the presence of free or conjugated amsic acid, which 
IS the most likely end-product of attack on the 
thiosemicarbazone group Free or conjugated 
mercaptotnazole and thiodiazole also appeared to' 
be absent Both of these are potential cyclization 
products of thiosermcarbazones , the thiodiazole 
can be readily obtamed in vitro by mild oxidation 
The examination of the unne was not exhaustive, 
and other products may^well have been present In 
particular, p-hydroxybenzoic acid would probably 
not have been extracted by the solvents used 

A second possibility exists, since the methoxy 
and hydroxy para substituents of 6057 and 6082 are 
known to be capable of metabohc modification, 
whereas the ethylsulphorryl group of 8388 is thought 
not to be For example, p-methylsulphonylacetani- 
hde IS a metabohc end-product of p^methylthio- 
aniline m the mouse, rat, and rabbit (Rose and 
Spinks, 1948), and sensitive tests failed to detect 
sulphanilic acid denvatives m the urine of these 
animals Similar results were obtamed with the 
ethylsulphonyl homologue (Spinks, 1948) It is 
therefore probable that no further breakdown of 
the alkylsulphonyl group occurred These con- 
siderations suggest that 6057 may be demethylated 
in the body to give 6082 , 6082 would probably be 
conjugated with sulphunc acid or glucuromc acid 
The conjugated denvatives when hydrolysed, would 
give p-hydroxybenzaldehyde which would almost 
certainly have escaped detection m the search for 
metabolites referred to above These views do not 
directly explam the excretion of only a part of the 
8388, but do so if the further assumption is made 
that the thiosemicarbazone group is slowly, and the 
para substituents of 6057 and 6082 are rapidly, 
attacked 

A third possibihty is that each compound is 
hydroxylated in the body accordmg to known 
metabohc reactions, and then conjugated 6057 
would give a guaiacol, and 6082 a catechol denva- 
tive, 8388 would probably be hydroxylated m the 
position ineta with respect to the ethylsulphonyl 
group It can be assumed that this meta hydroxyla- 
tion would be less facile than the ortho hydroxylation 
of 6057 or 6082 Some support is available for the 
last two possibiliues in that unne from rabbits 
rccening 6082 contains a water-soluble compound 
haMng an intense absorption spectrum with a sharp 
maximum at 315 m[jL The amount of this meta- 
bolite IS estimated to be equivalent to about 60 pier 
cent of the amount of 6082 admimstered, if similar 
intensities are assumed for the respiective absorption 


spectra This observation, made after the first draft 
of this paper had been written, shows, first, that 
6082 IS not excreted m the faeces to any marked 
extent, and, second, that the thiosemicarbazone 
group may well have remained mtact, or may have 
been only partly degraded, say to the corresponding 
semicarbazone simpler metabohtes would be 
expected to absorb at shorter wavelengths Other- 
wise there is httle evidence in favour of any one of 
the theoretically possible methods of degradation 
Indeed it is conceivable that all three could occur 
However, they aU suggest somewhat similar con- 
clusions, 1 e , that new antituberculous thiosemi- 
carbazones should be sought among compounds 
havmg an unreactive meta directmg group, or, less 
probably, an unreactive ortho-para duecting group 
in the para position It is possible that the requu'e- 
ments for high intrinsic activity and high blood 
concentrations may be incompatible, and the 
numerous examples of weakjy active compounds 
belonging to one or other of these hvo suggested 
types (Hoggarth et al , 1949) favour this view It is 
hoped that a conclusion may be reached, first by 
studying the metabolism of the three compounds 
mentioned here, second by examming the blood 
concentrations of other compounds A start has 
been made by determining the concentrations 
attained by p-acetamidobenzaldehyde thiosemi- 
carbazone, winch has been tested m man by 
Domagk’s chmeal collaborators (Moncorps and 
Kalkoff, 1 947 , Kuhlmann, 1 948) So far^it appears 
that this compound gives concentrations in mice 
Similar to those of 6057 and 6082, and that it lacks 
the favourable persistence of 8388 

Summary 

Spectrophotometnc methods of estimating the 
thiosemicarbazones (6057, fi082, and 8388 respec- 
tively) of p-amsaldehyde, p-hydroxybenzaldehyde 
and p-ethylsulphonyibenzaldehyde have been 
devised 

6057 and 6082 are rapidly ehrmnated and attain 
only low blood or plasma concentrations m mouse 
md rabbit 8388 is highly persistent and attains 
high 'blood concentrations Only traces of 6057 
and 6082 appear in rabbit urine They are probably 
almost completely metabohzed by the rabbit 8388 
IS excreted unchanged in larger, but not theoretical, 
amoimts 

The bearing of these results on the antituberculous 
activity of this group of compounds has been 
discussed 

The author is indebted to Dr E Hoggarth for helpful 
discussion, and to Mrs A Horton for skilled 
technical assistance 
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Note added in proof 

The thiosemicarbazones vrere found to be photolabile 
durmg this work, but no evidence of photodecomposition v as 
obtamed durmg the estimations, which were carried out in 
wmter Repetition of some of them recently has shown that 
m summer decomposition by difi'ised daylight can occur, 
and estimations are now earned out m a darkroom, under 
diffused tungsten illummation Readmgs of the standards 
indicate whether or not decomposition has occurred 
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The usual method for observing the anti-arsemcal 
activity of dithiols has been to mject two groups of 
animals With a lethal dose of the arsenical, to treat 
one group with a dithiol and to compare the 
mortahties m the two groups (Stocken and 
Thompson, 1946, et al) As Box and CuUumbme 
(1947) have pom ted out, the use of a quantal 
response (percentage mortality) for quantitative 
studies of this sort has considerable disadvantages 
the dose range m which there is a suitable mortahty 
IS small , large numbers of animals must be used to 
give accurate estimates of morality, the accuracy 
of the estimates depends on the observed mortahties 
and must be weighted accordmgly , and it is diflBcuIt 
or impossible to mtroduce a number of factors mto 
the experiment and to detect mteractions between 
them Box and CuUumbme suggested that similarly 
useful information might be obtained much more 
efficiently by using the times of survival after a 
lethal dose of poison mstead of the mortahties 
WeatheraU (1945, 1949) observed that animals 
poisoned with oxophena'sine and treated with doses 
of dithiols insuffiaent to save life hved longer than 
control animals given no dithiol, and showed that 
m the controls the log survival time was roughly 
linearly related to the log dose of oxop’^enarsi le It 
was therefore decided to investigate the relation 
between dose of arsemcal and survival time more 
fully, and to study the effect of dithiols on this 
relation, m order to see whether a more satisfactory 
method of measuring anti-arsemcal activity could be 
so obtained 

Materials and Methods 

Solutions of phenylarsenoxide were prepared by 
dissolving crystalline phenylarsenoxide (m p 1 59-1 61 ° C ) 
in 3A' sodium hydroxide, neutralizing with 6N hydro- 
chlonc acid as nearly as piossible without precipitation, 
and diluting wth ivater until isotonic and then with 
0 9 per cent ('\/v) sodium chlonde soluUon Solutions 
of oxophenarsine (mapharside) were prepared m distilled 
water from pure matenal kindly provided by Messrs 
Parke Davis and Co The dithiols used are desenbed m 

•Pf«*ni address — •Department of Pharmacology London Hospital 
Medical School London E 1 


Table I The preparation and chemical properties have 
been or will be desenbed elsewhere (Evans and Owen, 
1949, Evans, Fraser, and Owen, 1949) Solutions of 
1 2-duiiercaptopentane-'3 4 5-tnol, 1 2-dimercapto- 
hexane-3 4 5 6-tetrol, dimercaprol glucoside (BAL- 
Intrav) and 3(2' 3'-dimercaptopropyl)-mannitol were 
prepared by dissolvmg their banum salts m water, 
adjustmg the pK to 6 with ]OA''suIphunc acid, removing 
any remaimng banum ions with saturated sodium 
sulphate, and removmg the banum sulphate by centn- 
fugmg for 1 5 mm at 2,500 r p m The complete removal 
of banum ions was checked by addmg a further trace of 
saturated sodium sulphate and observmg the absence of 
a preapitate The concentrations of these solutions were 
estimated at the time of experiments as follows sufficient 
hydrochlonc aad was added to make the solutions of 
normal acidity, and ahquots were then titrated at 0° C 
against A/IO or N/50 iodine in potassium iodide with a 
few drops of 1 per cent (w/v) starch solution as mdicator 
imtil a blue colour persisted for 30 sec 2 3-Dimercapto 
propionic acid was dissolved m a minimal amount of 37/ 
sodium hydroxide before diluUon with 0 9 per cent 
sodium chlonde Solutions of other dithiols in 0 9 per 
cent sodium chlonde or m ohve oil were diluted so that 
the volume oLeach injection was 5 0 ml /kg All doses 
have been expressed m microgramme-molecules (jiM) per 
kg body weight, m order to facihtate the comparison of 
chemically equivalent quantities of different substances, 
and m order to avoid doses numencaUy smaller than 
umty and therefore havmg negative loganthms 
Young female albmo rats weighmg 55 9±n 9 (STD ) 
grammes and adult male mice weighmg 20 2 ±2 9 (S D ) 
grammes were used Experiments were done m a 
thermostatic room, the temperature vaned between 
2T C and 25° C on different days, but it was checked 
half-hourly dunng experiments and rarely vaned by more 
than ±0 5° C durmg each experiment Food was 
withheld from the animats on the evenmg before an 
experiment, and on the foUowmg mommg each animal 
was put in a numbered glass jar with a wire mesh top 
They were then selected for different treatments by use 
of a table of random numbers (Fisher and Yates, 1943, 
p 90) Each animal was injected mtramuscularly with 
an arsemcal m one hmb and immediately afterwards with 
a dithiol or sahne m the opposite hmb The time of 
injection was recorded For practical convemence the 
animals m a group receiving the same treatment were 
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injected consecutively, and the groups m which the 
largest and smallest survival times were expected were 
mjected first and last respectively As is mdicated later, 
this concession to practical convenience was perhaps 
undesirable The animals were observed about eveiy 
two minutes for the first few hours and later at longer 
intervals for forty-eight hours An animal was deemed 
dead when it made no respiratory movement while 
watched for thirty seconds The tune of death was taken 
as the mean of the time when the animal was last observed 
alive and the tune when it was first observed dead 
When the loganthmic or reaprocal transformation of the 
survival tunes was used, the mean of the logarithms or 
reciprocals of the tunes last seen ahve and first seen dead 
was taken In order to avoid confusion with means 


denved from groups of anunals, the values for mdividual 
animals obtamed as just descnbed are referred to here- 
after as the survival tune, log survival tune, and reciprocal 
survival time, and the word mean is used only in con 
nexion with groups of animals Any ammal which 
survived longer th^ forty-eight hours from the time of 
mjection was kiUed and not counted in the estimation of 
the mean survival time of its group, except when the 
reciprocal transformation was used In fact, only 6 out 
of 678 anunals survived the experimental penod Food 
and water were withheld dunng the first ten hours after 
injection and were then provided ad libitum, though the 
animals seldom showed any desire to eat or dnnk 
The statistical procedures and symbols used follow the 
practice of Fisher (1944), unless it is otherwise indicated 


TABLE n 

THE EFFECT OF DIMERCAPROL ON THE MEAN LOO SURVIVAL TIME OF PHENYLARSENOXIDE POISONED RATS 


Exi5 

i 

Dose of 
dtmercaprol 

Log survival time in hours (Means and standard errors for groups of 

four rats) 

Mean increment 
in log survival 
timef 

Log hours 

Dose of phenylarsenoxide 

mM/ 

hg 

Log 

fiM/kg 

jiM/kg 80 

Log fiM/kg 1 90 

113 

2 05 

160 

2 20 

226 

2 35 

A 

B 

C 

D 

Nil 


-1-0 063 ±0 0436 
+0 120±0 0738 
+0 094 ±0 0974 
+0 068 ±0 0681 

±0 003 ±0 0824 
-0 229±0 0855 
±0 026±0 1713 
-0 262 ±0 0504 

-0 047 ±0 0515 
-0 380±0 1358 
-0 200±0 0725 
-0 477±0 0661 

-0 339±0 0593 
-0 606 ±0 0305 
-0 519±0 0691 
-0 698±0 0391 

— 

D 

16 

1 20 

+0 035±0 0336 

-0 199±0 0362 

-0 437±0 0196 

-0 690±0 0293 

0 020±0 3555 

D 

32 

1 50 

+0 015±0 0148 

-0 081 ±0 0412 

-0 394±0 0418 

-0 664 ±0 0642 

0 061 ±0 0372 

D 

46 

1 66 

+0 137ct0 0570 

-0 240 ±0 2132 

±0 048 ±0 1114 

-0 680±0 0380 

0 159±0 0687 

C 

80 

1 90 

+0 538±0 0940 

±0 295 ±0 0524 

±0 229 ±0 0497 

-0 225 ±0 0735 

0 359 ±0 0653 

A 

B 

C 

113 

2 05 

+0 943±0 1292 
+0 676±0 1228 
±0 618±0 0736 

±0 506 ±0 0490 

\ __ 

±0 447±0 0756 

±0 001 ±0 0533 

0 544 ±0 0638 

A 

B 

C 

D 

160 

2 20 

+ 1 047±0 0696 
+ 1 104±0 0528 
+0 964 ±0 0571 
+ 1 027 ±0 1626 

±0 832 ±0 0799 
±0 697±0 0481 
±0 608 ±0 0351 

±0 560±0 0788 
±0 410±0 0681 

±0 135±0 0597 
±0 029 ±0 0918 

0 907±0 0499 

0 955 ±0 0472 

0 717±0 0628 

0 858 ±0 0645 

A 

B 

C 

226 

1 

+ 1 114 +0 0340* 

±0 914±0 0247 
±1 171±0 1091 
±0 728±0 0862 

±0 742±0 0542 
±0 51 3 ±0 0294 
±0 727 ±0 0474 

±0 317±0 0704 
±0 327 ±0 0496 
±0 293 ±0 0366 

0 852 ±0 0391 

1 072 ±0 0591 

0 814±0 0648 

A 

B 

C 

1 

320 

2 50 

— 

±1 015±0 0468 
±1 378±0 0013* 

±1 015±0 1156 
±0 770±0 0829 
±0 977 ±0 0343 

±0 473 ±0 0222 
±0 571±0 0614 
±0 494±0 0347 

0 962±0 0492 

1 311 ±0 0567 

1 095 ±0 0394 

J 1 

c 

452 

1 

2 65 

— 

— 

±1 060 ±0 0529 
±1 081 ±0 1298 

±0 889±0 0463 
±0 880±0 0822 
±0 654±0 0959 

1 168 ±0 0372 

I 474± 0 0733 


One sumvor in group 


f Calculated as descnbed m text 
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Results 

In general it was found both for oxophe arsine and 
for phenylarsenoxide that the survival time became 
shorter as the dose mcreased, and that for a given 
dose of poison the survival time of ammals treated 
with dimercaprol became longer as the dose of 
dimercaprol was mcreased The relations were 
studied first with oxophenarsme, but, as clearer 
results were obtained with phenylarsenoxide, the 
latter will be presented first and the data for 
oxophenarsme thereafter summarized briefly, mainly 
to indicate the differences observed 

I Survival tune of rats poisoned with plienyl- 
arsenoxide with or without treatment with dimer- 
caprol — No mformation has been found about the 
LD50 of phenylarsenoxide m rats, but it is reported 
to be about 12 (iM/kg mtraperitoneally m mide 
(Eagle, Doak, Hogan, and Stemman, 1940) In the 
present experiments mtramuscular doses of 36 
fxM/kg and over killed all rats not treated with 
dithiols, and doses of 80 (iM/kg and over were 
nearly always fatal when the amount of dithiol did 
not exceed twice the equivalent amount of phenyl- 
arsenoxide As survival was not desired, doses of 
the latter order were used, With the results shown in 
Table 11 and Fig 1 

Sets of sixteen rats were divided mto four groups 
of four, and the groups were mjected with 80, 1 1 3, 
160, and 226 (iM/kg respectively of phenylarsen- 
oxide Some sets received a dose of dimercaprol 
which was constant for the set, and one set, the 
controls, were treated with 0 9 per cent sodium 
choride solution Particularly m early expenments 
the dimercaprol-treated sets were sometimes incom- 
plete, either because groups m which survivors were 
expected were omitted or because the ranges bemg 
explored required more rats than were available or 
manageable to fill all the groups included m the 
range When the mean survival times of the groups 
m each set were plotted agamst the dose or the log 
doseTif phenylarsenoxide the pomts lay on a curve 
and the vanance mcreased as the mean survival 
time mcreased Two transformations of the data 
were therefore exarmned When the means of the 
reciprocals of the survival times (cf Box and 
CuUumbme, 1947) were plotted against the dose or 
the log dose of phenylarsenoxide, the pomts again 
lay on a curve and the variance still mcreased as 
the means mcreased But when the means of the 
logarithms of the survival tunes were plotted 
agamst the log doses of phenylarsenoxide, the points 
lay roughly on a straight Ime and the variances 
shelved only slight positive correlation with the 
means Moreover, the Imes for sets which received 


a constant dose of dithiol were approximately 
parallel to those for the set which received no dithiol 
in the same experiment, and there was no obvious 
progressive change of slope with mcreasmg doses 
of dimercaprol In order to assess the significance 
of the departures from hnearity, analyses of variance 
were performed on those parts of the data which 
were- symmetrically arranged (Table III) The 
results of these analyses were not altogether satis- 
factory The significance of the regression of log 
survival time on log dose of phenylarsenoxide and 
the significance of the effect of dimercaprol, except 
m the smallest doses (expenment D), were mde^ 
beyond question But in expenments A and C the 
mean squared deviations from linearity were very 
significantly greater than the mean square attribut- 
able to random fluctuation, and expenments B and 
D showed a less marked but similar tendency In 
expenment B there was also a greater departure 
from parallelism between the Imes m the presence 
and absence of dimercaprol than would be expected 
by chance 



Fig 1 — ^The log survival time of rats poisoned with 
phenylarsenoxide and treated with dimercaprol 
(expenment C) Ordinates log survival time in 
hours Abscissae log dose of phenylarsenoxide, 

in nM/kg • • Rats treated with 0 9 per 

cent sodium chlonde ■ ■ Rats treated with 

dimercaprol, 80 nM/kg A A Rats treated 

with dimercaprol, J13 uM/kg -i h Rats 

treated with dimercaprol, 160 /iM/kg X X 

Rats treated ivith dimercaprol, 226 /xM/kg 

o o Rats treated with dimercaprol, 320 

ftM/kg All points indicate the mean for groups of 
four rats 
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TABLE lU 

ANALYSIS OF VARIANCE OF THE LOG SURVIVAL TIMES OF RATS POISONED WITH PHENYLARSENOXIDE AND TREATED 

WITH DITHIOLS 

The data analysed here are summarized in Tables II and VT The values fleeted are, in expenments A and B, 
phenylarsenoxide 113, 160, and 226 /iM/kg , dimercaprol 0, 226, and 320 /iM/kg , in expenments C, D, E, and F, 
phenylarsenoxide 80, 113, 160, and 226 fiM/kg and all doses of dithiols for which information was available at the 
same four doses 

The figures in parentheses are the number of degrees of freedom with which the means are estimated The mean 
squares for linear regression and (except m experiment D) for treatment with dithiols are aU significcmtly (P<0 001) 
greater than the mean square for random fluctuation Other mean squares are pnnted m italics vsTien they exceed 
the mean square for random fluctuation by a ratio greater than the 5 per cent pomt of s’* and in bold type when the 
ratio is greater than the 1 per cent point 


Mean squares 


Vanance due to 

Expenments with dimercaprol 

Expenments with 
other dithiols 


A 

B 

C 

D 

E 

F 

Linear regression on log dose of phenyl- 







arsenoxide 

1 462(1) 

2 742(1) 

3 929(1) 

4 346(1) 

6 329(1) 

8 534(1) 

Deviations from linear regression 

0 239(1) 

0 143(1) 

0 159(2) 

0 078(2) 

0 059(2) 

0 037(2) 

Treatment with dithiols 

3 148(2) 

5 855(2) 

1 505(3) 

0 076(3) 

1 593(4) 

2 896(4) 

Differences of linear regression 

0 036(2) 

0 135(2) 

0 016(3) 

0 004(3) 

0 102(4) 

0 199(4) 

Other interaction 

0 019(2) 

0 061(2) 

0 017(6) 

0 099(6) 

0 022(48) 

0 023(8) 

0 025(8) 

Random fluctuation 

0 017(27) 

0 024(27) 

0 025(48) 

0 034(60) 

0 034(60) 


If a sufficiently wide range of doses is examined, 
the regression of log survival time on log dose of 
phenylarsenoxide will not be Imear At the lower 
end of the scale survivals will occur and the log 
survival time will be practically infimte , and at the 
upper end a limit is likely to occur dependmg on the 
time necessary for the transport of phenylarsenoxide 
from the site of mjection to the site of action and 
possibly for the accumulation there of toxic sub- 
stances whose metabohsm has been inhibited If 
the departures from hneanty showed a consistent 
tendency towards curvature convex towards the 
zero ordmate, it would not be surpnsmg But this 
IS not the case the observed irregularities appear to 
be distnbuted more or less fortuitously 
There appears to be a more plausible explanation 
of the irregulanties As was mdicated above, 
animals m a group receivmg the same treatment 
were injected consecutively, for reasons of practical 
convemence The estimate of the random fluctua- 
tion, or error, of the expenment is based on the 
deviations occumng withm the mdividual groups, 
and therefore does not include any measure of the 
vanation in sensitivity of the animals occumng 
durmg the two or three hours in which the injections 
were performed If there is any reason why such 
variation might be appreciable, the estimate of error 
cannot be regarded as satisfactory and tests of 
significance based on it will tend to underestimate 
the probability of observed discrepancies being due 
to chance In fact there is present at least one 


detectable factor which may account for a greater 
variation between groups treated at different times 
than IS observed within the groups It was found 
that the slopes of the regression lines relating log 
survival time to log dose (in rats treated only wth 
phenylarsenoxide) did not vary greatly from day to 
day But the position of the Ime vaned, and it^ 
appeared that this was due largely to the temperature 
of the room, and possibly to the weight of the rats 
A multiple regression relating log survival time in 
hours (50 to log dose of phenylarsenoxide m 
nM/kg (d^, body weight in grammes (if) and 
temperature of the room m °C if) was therefore 
calculated for 129 rats The log survival time was 
found to be expressed by 

y = 5 46 — 1 57(^f— 0 0021V — 0 0981 
The regression for body weight was not sigmficant 
(0 2>P>0 1), but those for dose and for tempera- 
ture were highly significant (P<;0 001 in each case) 
It therefore appeared that apart from the influence 
of dose, changes of temperature of as little as half a 
degree altered the log survival time by approximately 
0 05 log hours, or 12 per cent The temperature of 
the room m which the experiments were performed 
was not controlled more accurately than this, and 
the vanation due to changes of temperature within 
these limits is clearly important It therefore appears 
legitimate to regard the estimate of random fluctua- 
tion as too small and the significance of departures 
from hneanty and parallelism as consequently 
overestimated 
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No very good substitute is available, and probably 
the least unsatisfactory estimate of overall variation 
would be given by the mean of the sums of squares 
attributable to deviations from linear regression, to 
differences of Imear regression, and to other inter- 
action Even if the largest mean square among 
these is taken as a basis of comparison, the regression 
Itself and the effect of dimercaprol in sufficient doses 
are still most sigmficant Preferable estimates of the 
error of certam important comparisons are suggested 
below , 

if the Imes are, parallel, a given dose of dimer- 
caprol produces a constant mcrement in log survival 
time irrespective of the dose of phenylarsenoxide 
On the assumption that apparent differences in 
slope wfcre not appreciably more than could be ^ 
attnbuted to chance, this increment was estimated 
by deducting the mean log survival time of a set of 
rats treated with various doses of phenylarsenoxide 
from the mean log survival time of a comparable set 
treated with the same doses of phenylarsenoxide 
and a constant dose of dimercaprol (This is 
equivalent to estimatmg the mean of the increments 
produced by dimercaprol at each dose of phenyl- 
arsenoxide ) If Z symbolizes the mean increment in 
log survival time, yt, yt, y^, the log survival times 

of individual animals treated with doses 1,2, m, 
of poison, and Zi, Zj, z,n. the log survival times of 
individual animals treated with the same doses of 
poison and a constant dose of antidote, and there 
are n ammals in each group, then 

,, 5(z,) - I’l) + 5(z.J — 50’=) + + 5(z„) — 50 «) 

^ mn 

As the mean square for error given by the analysis 
of variance is likely to be too small, the variance of 
Z has been estimated from the deviations within the 
2m groups concerned If is the variance of Z, then 

_ 5(Zi — Zi)* + 5(>’i' — yi)" + + 5(Zm — Zm)* + 50'i 

1) 

Values for Z and ^/V^ are given in the last column 
of Table II 

The smallest doses of dimercaprol used had no 
significant effect' on the survival time of phenyl- 
arsenoxide poisoned rats, and it appeared that 
about 40 ^M/kg was the threshold dose for this 
effect, 46 pM/kg produced an appreciable mcrease 
in survival time, but this was not significant with 
the size of group used With larger doses the 
relation between the mean increment in log survival 
time and the log dose of dimercaprol was practically 
Imear, even when points obtamed on different days 
were considered together (Fig 2) A straight line 
was therefore fitted to all points where the log 
survival time was significantly mcreased (i e , those 


obtained with doses of dimercaprol of 80 /iM/kg 
and over), as shown m Fig 2 If Z is the mean 
mcrement in log survival tune for a dose dj^ of 
dimercaprol, this line has the formula 

Z= 1 81 

when Z is measured in log hours and in log 
/tM/kg 



Fig 2 — The increment in log survival time produced by 
dimercaprol in rats poisoned with phenylarsenoxide 
Ordmates mean increment in log survival time 
Abscissae log dose of dimercaprol in ^M/kg 

• • Expenment A X X Experiment 

B A — ^ A Expenment C H h Expen- 
ment D The line of best fit ( ) has been 

calculated from the equation 
J-mlV ^ 4- ^ -N Z = \ 18i/j— I 81 

\nm nmj 

Examination of the data suggested that within the 
small range used in the present experiments, environ- 
mental temperature had no striking effect on the 
increment in survival time produced by dimercaprol, 
and as the data did not give systematic information 
on this point it was not pursued further 
A way of expressing these findings consists in 
plottmg the dose of phenylarsenoxide against the 
dose of dimercaprol and drawing lines connecting 
points where the mean survival time is the same 
Such lines may be called isochrons In order to 
prepare these lines, the equations gnen abo\e for 
the log survival time m the absence of dimercaprol 
and Tor the mcrement produced by dimercaprol have 
been used In the first equation, the mean values for 
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Fig 3 — Isochromc lines for rats poisoned with phenyl- 
arsenoxide and treated with diniercaprol Ordi- 
nates dose of phenylarsenoxide in /iM/kg Abs- 
cissae dose of dimercaprol m nMIkg The values 
for the points have been calculated as descnbed in 
the text The lines, from top left to bottom nght, 
connect points for surviral times of I, 2, 4, and 
10 hours respectively 

It' (56 g ) and / (22°) used m calculating the regression 
have been substituted, giving the relation between 
log dose and log survival time as 

7= 3 2 - 1 57dp 

Isochrons obtained by substitution for dp and dj 
are showm in Fig 3 It will be seen that, withm the 
present expenmental range the isochromc lines are 
surprisingly nearly straight, even when the doses and 
not the log doses are plotted against each other 
From these lines, or directly from the regression 
equations, the amount of phenylarsenoxide neutral- 
ized by a given dose of dimercaprol can be calculated 
This quantity is not constant Values for it denved 
from the one hour, four hour and ten hour isochrons 
at selected dimercaprol dose levels are ^own m 
Table VII Their significance is discussed later 

II Surma! time of rats and mice poisoned with 
oxoplienarsine, with or without treatment with 
dimercaprol — ^The LD50 of oxophenarsine given by 
intramuscular injection is reported to be in rats 
betixeen 85 and 93 nM/kg (Gruhzit, 1935) and m 
mice about 150 nM/kg (Weatherall, 1949) Data on 
the relation of dose to sur\’ival tune are presented m 
Tables IV and V In both rats and mice the trans- 
formation log dosedog survival time gave an 
approximately linear relation with insignificant 
positne correlation (r = -F0 51, 0 1>P>0 05) 
bct\\ ccn the mean and the vanance, and with a slope 


varying between 17±0 33 and 2 3±0 43 on 
different days Weatherall (1949), with much less 
accurate estimates of the survival time and with 
doses which only just caused 100 per cent mortality, 
found a slope of 2 76 in rmce _ This confirms the 
expectation that the line is actually convex dotvn- 
wards and can be regarded as approximately straight 
only over a limited range The expenmenfs with 
dimercaprol were designed at a time when it was 
expected that the dose of di thiol necessary to produce 
a constant increment in log survival time would be 
proportional to the dose of poison used Conse- 
quently data are not available for the effect of the 
same absolute dose of dimercaprol with different 
doses of oxophenarsme, and Imes comp^ble to 
those described above for phenylarsenoxide cannot 
-be fitted The mcrements In log suiyival time 
produced by different doses of dimercaprol were not 
inconsistent with the hypothesis of a linear relation 
between the mean increment in log sur\'ival time 



Fig 


4 — The log survival tune of- rats poisoned with 
phenylarsenoxide and treated with vanous dithiols 
(expenment F) Ordinates log survival time in 
hours Abscissae log dose of phenylarsenoxide in 

/iM/kg • • Rats treated with 0 9 per cent 

sodium chlonde o o Rats treated with dimer 

caprol, 160 ;iM/kg X X Rats treated with 

1 2-dimercaptobutane-3 4-diol -I + 

treated wth I 2-dunercaptopentane-3 4 5 tool 


□ □ Rats treated with 1 2 -<limercaptohexanc 

3 4 5 6-tetrol A A Rats treated with 

5-dimercapto-pvalerothiolactone All points indi- 
cate the mean for groups of four rats 
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TABLE IV 

THE EFFECT OF DIMERCAPROL ON THE LOG SURVIVAL TIME OF OXOPHENARSINE POISONED MICE 



Dose of 

Log survival time (Means and standard errors for groups of ten mice) 

Exp 

dimercaprol 

Dose of oxophenarsine 


/rMf 

Log 

fiM/kg 250 

320 

400 

500 

600 


kg 

^M/kg 

Log liMfkg 2 40 

2 50 . 

2 60 , 

2 70 

2 78 

a 



+0 7I2±0 0950 

+0 391 ±0 0472 

+0 284+0 0576 

+0 064+0 0199 



b 



— 

+0 357+0 0442 

+0 457+0 0824 

— 

~0 277+0 1039 

c 

Nil 



— 

+0 437+0 0371 

— 



— 

d 



— 

+0 516 +0 0256 

— 

+0 176 +0 0478 

— 

€ 



— 

+0 460+0 0337 

— 

+0 029 +0 0557 

— 

c 




+0 317+0 0390 



— 



d 

80 

1 90 

— 

+0 477+0 0479 

— 

— 

— 

e 




+0 466 +0 0229 

— 

— 

— 

d 

125 

2 10 


- - - 



+0 382+0 0266 



e 




— 

— 

+0 324 +0 0219 

— 

c 



- 

+0 593+0 0101 

_ 




d 

160 

2 20 

— 

+0 608+0 1152 

— 


— 

' e 



— 

+0 424+0 0391 

— 


— 

d 

250 

2 40 

* 

■ 

_ 

+0 388+0 1223 


€ 



~ 

— 

— 

+0 374 +0 0285 

— 

a 




+0 814 +0 172It 

— 



b 

320 

2 50 

— 

+0 650 +0 1203* 




— 

e 



— 

+0 774 +0 1297* 

— 

— 

— 

a 

400 

2 60 



- 

+0 639 +0 0781 









— 

+0 797+0 1772 

— 

— 

a 

500 

2 70 






+0 458 +0 0701 



e 



• 

— 

— 

+0 372+0 0504 



* One survivor m group t Two survivors in group 


TABLE V 

THE EFFECT OF DIMERCAPROL ON THE LOG SURVIVAL TIME OF OXOPHENARSINE POISONED RATS 


Dose of dimercaprol 

Log survival time in hours (Means and standard errors for groups of ten rats) 

Dose of oxophenarsine 



fiMIkg 320 

400 

500 

fiM/kg 

Log /iM/kg 

Log /iM/kg 2 50 

2 60 

2 70 

Nil ; 



+0 011+0 0268 

-0 072 +0 0561 

-0 282 +0 0689 

80 1 

1 90 

+0 190+0 0408 

1 



100 

200 

— 

+0 028 +0 0656 

— 

125 

2 10 

— 

— 

+0021=0 0546 

200 

2 30 

1 

+0 149+0 0746 

— 

320 

2 50 

+0 589 +0 1263 

— 

; — 

400 

2 60 



+0 404+0 1012 ' 

— 

500 

2 70 

1 

• 

1 * 

-LO 647 +0 1009 




s 
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and the log dose of dimercaprol The slope, 
however, appeared to be substantially less than with 
phenylarsenoxide (0 5 for oxophenarsine m mice,- 
0 6 for oxophenarsine in rats, and 2 2 for phenyl- 
arsenoxide in rats) and the threshold dose of dimer- 
caprol was higher (about 80 fiM/kg) Below this 
dose, at least m mice, actual acceleration of death 
was observed, although only once (Table IV, exp c) 
was this large enough to be significant with the size 
of group used 

III Siin’ival time of rats poisoned with phenyl- 
arsenoxide and treated with other dithiols — As in the 
experiments with dimercaprol, sets of sixteen rats 
were divided into four groups of four and phenyl- 
arsenoxide was injected as before One set received 
also an intramuscular mjection of 0 9 per cent 
sodium chlonde solution, one set the largest dose of 
dimercaprol which was expected not to save any 
lives (160 nM/kg ), and the remaming sets the same 
dose of other ditluols (Table VI and Fig 4) This 
dose was in only one case greater than one-quarter 
of the LD50 of the dithiol (Table I) In certam 
instances, titration at the end of the experiment 
indicated that the solutions contamed less dithiol 
than expected In these cases, the dose was calcu- 
lated from the restilts of the titration Insufficient 
material was available to complete the lines for 
certam dithiols The vanance of the symmetncally 
arranged data was analysed as before (Table III) 
For no obvious reason, m neither experiments E 
nor F were the departures from linear regression of 
log survival time on log dose of phenylarsenoxide 
sigmficantly greater than the mean square for error, 
although the uutial fault in the expenmental design 
had not been amended This suggests that whatever 
in the dimercaprol experiments mcreased the vana- 
tion bebveen groups, whether temperature changes 
or some other unsuspected factor, was less actively 
operative, and due weight must therefore be 
attached to the differences of linear regression, 
which are sigmficantly greater than can be accounted 
for by random fluctuation The lack of parallelism 
IS hardly surprismg Different thiols are likely to be 
absorbed and excreted at different rates They will 
reach a peak concentration in the blood and tissues 
at different times, and so, for example, a slowly 
absorbed substance might show no appreciable 
activity agamst 226 i^M/kg of phenylarsenoxide, 
which kills rats in about ten mmutes, and yet be 
quite active agamst 80 /tM/kg which is lethal m 
about an hour Indeed, it can only be fortuitous 
that dimercaprol happened to be equally active, or 
nearly so, against all the doses of phenylarsenoxide 
used Once lack of parallelism occurs, any estimate 
of activity based on the increment in survival time 


becomes an arbitraiy measurement dependmg on 
the doses of phenylarsenoxide chosen There is no 
obvious way of overcommg this difficulty As the 
conditions in these expenments have been stan- 
dardized, with four fixed doses of phenylarsenoxide 
and one dose of dithiol as nearly constant as was 
practicable, and as the lack of parallelism is not very 
great, the mean increments m log survival tune still 
give an approximate indication of the aidivity of the 
thiol under these experimental conditions, and they 
have been calculated as before Small differences 
in the mean increments, particidarly wheq there are 
also differences in slope, are clearly ummportant, 
but in fact there were considerable differences in the 
ability of dithiols to mcrease the survival time The 
significance of differences has been estimated as 
before, jismg the mean squared deviations of the 
groups concerned as the basis of companson in a 
t test No dithiol was more active than dimercaprol, 
and all except 1 2-dimercaptobutane-3 4-diol were 
significantly less active Two substances (1 2- 
dimercaptohexane-3 * 4 5 6-tetrol and I 6-hexane- 
dithiol) accelerated death, the latter significantly 
The other substances were mtermediate in activity 
To facilitate quantitative fcompansons, the activi- 
ties have been estimated as percentages of the 
activity of dimercaprol, by assessmg from the 
previously determined dose-response curve how 
much dimercaprol would have been necessary to 
produce the observed increments in log survival time 
The pooled estimate of the slope of the dose response 
curve (6=118) was used, and the position of the 
line was fixed by the observed mean mcrement m 
log survival time produced by the standard dose of 
dimercaprol For example, m expenment E, 
160 /iM/kg of dimercaprol increased the log 
survival time by 0 827 log hours, and' substituting, 

0 827 = 1 18 X 2 20 + o, 
whence o — — 1 769 

and the expected mean increment in log survival 
time, Z, for any log dose of dimercaprol, d^, was 
given by Z = \ 18c(j — I 769 

By substitutmg for Z-the mean mcrement in log 
survival time obtained for an unknown dithiol, 
e g , 0 445 log hours for dimercaprol glucoside, the 
amount of dimercaprol to which the dose used of 
unknown dithiol was equivalent could be calculated 
Thus 0 445 = 1 ndA — 1 769 

whence = 1 875 

As the log dose of dimercaprol glucoside in this 
expenment was 2 146 nM/kg , its activity expressed 
as a ratio to that of dimercaprol was antilog (I 875- 
2 146) or 53 7 per cent Values calculated sinularly 
for other dithiols are shown m the third column 
from the nght of Table VT 
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Discussion 

Survival time has not been extensively used in 
order to measure the effects of drugs in biological 
work BQlbring (1937) showed that extracts of 
adrenal cortex could be assayed by the increase in 
survival time produced m adrenalectomized drakes 
Vogt (1943) showed that this was also true for 
adrenalectomized rats kept at a low environmental 
temperature Both showed that the untransformed 
survival times of treated animals were approximately 
linearly related to the logarithm of the dose of 
cortical extract, but the data of BJlbrmg do not 
exclude the possibility that the log survival time is 
as, or more nearly, Imearly related to the log dose 
of extract Box and Cullumbme (1947), using 
mustard gas and phosgene and measurmg the dose 
as the product of the concentration of the gas and 
the time of exposure, found that the reciprocals of 
the survival times were normally distributed and 
Imearly related to the dose of gas and that the 
logarithms of the survival times were not They 
discussed the merits of using survival time in assays 
of antidotes to poisons which produce death but no 
other easily measured response Withell (1942) 
showed that the log survival tunes ofj. micro- 
organisms poisoned with a given concent ation of 
bactericides were normally distributed, but appar- 
ently did not attempt to relate the mean survival 
time of the organisms to the concentration of 
bactericide 

With the two arsemcals and two species used m 
this work the logarithm of the survival time was 
within a limited range approximately linearly related 
to the logarithm of the dose of arsemcal, the 
loganthms of the individual survival times for any 
one dose of poison were more nearly normally 
distnbuted than were the untransformed survival 
times or the reciprocals of the survival times, and 
the standard deviations of the mdividual values were 
roughly constant and independent of the dose of 
poison In animals poisoned with phenylarsenoxide 
the increment in log survival time produced by 
dimercaprol was linearly related to the logarithm of 
the dose of dimercaprol In view of the widely 
diffenng conditions of these vanous uses of survival 
time. It IS perhaps not surpnsing that the distnbu- 
tions differ greatly and are not all amenabledo the 
same transformations Data obtamed under other 
conditions are necessary before generalizations can 
usefully be attempted 

From the data presented, an attempt can be made 
to deduce how much poison is inactivated by dimer- 
caprol m the body Table VII shows what doses of 
phen\ larscnoxide and dimercaprol are required to 
gi\c ccrtam fixed survival times, accordmg to the 


regression equations denved from the data If the 
survival time of the rats is regarded as dependmg 
entirely on the amount of phenylarsenoxide usedjn 
the absence of dimercaprol, then the excess necessary 
to give the same survival time in the presence of 
jdimercaprol can be regarded as the amount neutral- 
ized by the dimercaprol Such amounts are shown 
m column 4 of Table VII, and are expressed in 
column 5 as a percentage of the amount of dimer- 
caprol given It appears that the efficiency of the 
dimercaprol, as judged by the amount of phenyl- 
arsenoxide neutralized per molecule, increases with 
the dose of dimercaprol to a maximum at about 
160 /iM per kg and then remains steady at a level 
depending on the amount of phenylarsenoxide 
available Not much significance need be attached 
to the values over 100 per cent in the early part of 
the Table These values are calculated from two 
regression equations, m both near ^or beyond the 
extrermties of the observed values, where the 
samphng errors of the estimates are largest, the 
assumption of Imeanty is most doubtful, and the 
effect of transformmg back from a log dose magnifies 
discrepancies In practice, no instance has been 
observed where the increment m survival time 
produced by dimercaprol was larger than could be 

TABLE vn 

CALCULATED DOSES OF PHENYLARSENOXIDE AND DIMER- 
CAPROL NECESSARY TO PRODUCE CONSTANT SURVIVAL 
TIMES 


Survival 
X time 
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39 5 

10 

111 

240 

86 

36 


Figures in parentheses are outside the range of expien- 
mental observations The calculation of these figures is 
described m the text 
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accounted for by the inactivation of the equimolar 
quantity of phenylarsenoxide Nevertheless, m 
these conditions (near optimal amounts of dimer- 
caprol and excess of phenylarsenoxide) the efficiency 
of the antidote does approach very close to 100 per 
cent of what is chemically possible Figures simi- 
larly calculated for oxophenarsme at optimal 
dimercaprol levels are about 90 per cent at 1 hour, 
40 per cent at 4 hours, and 20 per cent at 10 hours, 
so that although the total amounts of arsemc m the 
body are larger, dimercaprol appears to be somewhat 
less effective against this poison 

Hogan and Eagle (1944) and Chance, Crawford, 
and Lewy (1§45) showed that in rabbits poisoned 
with phenylarsenoxide or oxophenarsme phenyl- 
arsenoxide was excreted much more slowly than 
oxophenarsme Chance aqd Lewy (1947) showed 
that dimercaprol given to phenylarsenoxide poisoned 
rabbits increased the excretion of arsenic tenfold, 
and in oxophenarsme poisoned rabbits increased 
the excretion of arsenic only 2 5 times Peters and 
Stocken (1947) showed that the compound formed 
m vitro between oxophenarsme and dimercaprol 
' (4-hydroxymethy l-2-(3 '-ammo-4'-hydroxyphenvl)-l 
3-dithia-2-arsacyc/opentane) was much more toxic 
than oxophenarsme, and that treatment with dimer- 
caprol prevented toxic effects of the oxophenarsme- 
dimercaprol compoimd In unpubhshed experi- 
ments (Weatherall, 1949) it was shown that when 
phenylarsenoxide and dimercaprol were mixed in 
equivalent amounts in aqueous solution a white 
precipitate formed and when a suspension of this 
precipitate contammg 3 >' LD50 of phenylarsen- 
oxide was mjected intramuscularly animals showed 
no ill effects 

The toxicity of the oxophenarsme-dimercaprol 
compound and the small increase m the excretion of 
arsemc after dimercaprol'in oxophenarsme poisoned 
ammals, compared with the apparent harmlessness 
of the phenylarsenoxide-dimercaprol mixture and 
the much mcreased excretion of arsemc after dimer- 
caprol m phenylarsenoxide poisoned ammals pro- 
bably explains why dimercaprol is less efficient m 
preventing oxophenarsme poisomng than in phenyl- 
arsenoxide poisoning 

The other dithiols investigated fall into five 
chemical classes 1 2-dithiol derivatives of poly- 
hydric alcohols, oxygen ethers _of dimercaprol, 
I 2-dithiols contammg a carboxyl group, aco-dithiols 
and acetylated dithiols The first group are com- 
pounds with the general formula CH.SH CHSH 
(CHOH)„CHjOH In this series (ex-p F, Table VI) 
a tivity was maximal when « = 0, i e , m dimer- 
caprol, and fell off as n mcreased, until 1 2-dimer- 
captohexane-3 4 5 6-tetrol {n = 4) had no acti- 
vity This decrease accompanies a decrease in 


lipoid solubihty The second group were dimer- 
caprol ethers of mannitol, glucose, or tetramethyl- 
glucose (exp E, Table VI) The former two were 
moderately active, but the latter showed little 
activity 1 2-Dimercaptopropiomc acid m the 
third group was about one and half times as active 
as S-mercapto-y-valerothiolactone Possibly the 
lactone ring in this compound did not break m vivo, 
so that the substance contained only one active 
-SH group However, Weatherall (1949) showed 
that a dose of this compound equivalent to 1 54 
times the LD99 of oxophenarsme completely 
prevented mice from dying even when given 80 mm 
after the LD99 of oxophenarsme This suggests that 
the substance does not act m vivo as a monothiol, 
because other monothiols, cysteine and glutathione, 
are useless m preventing death in oxophenarsme 
poisoned animals when given only 5 mm after the ^ 
oxophenarsme (Eagle, Magnuson, and Fleischman, 
1946) The only aw-dithiol used m this work 
potentiated poisonmg by phenylarsenoxide This 
was surprising because Whittaker (1947) showed 
that 1 6-hexanedithiol reactivated pigeon brain 
pyruvate oxidase ppisoned with lewisite when added 
ten minutes after the lewisite , Thomson, Savit, and 
Goldwasser (1947) 'showed that skin exposed to 
lewisite was decontammated by 1 6-hexanedithiol, 
although less efficiently than by dimercaprol, and 
Kensler, Abels, and Rhoads (1946) showed that it 
was effective m the treatment of arsine poisonmg, 
again less so than dimercaprol On the other hand, 
Weatherall (1949) found that other aw-dithiols 
(1 4-dithiothreitol and 1 4-djthioerythritol) acceler- 
ated death in oxophenarsme poisoned mice and the 
former caused a large increase in the mortality from 
sublethal doses of oxophenarsme It would be 
interesting to know more about the changes m 
survival time produced by other doses of 1 6- 
hexanedithiol m phenylarsenoxide poisoned rats 
Possibly larger doses would have mcreased the 
survival time Triacetyldimercaprol, the only 
acetylated dithiol tested, was about as active as 
dimercaprol glucoside This is consistent with the 
results of mortality experiments (Weatherall, 1949) 
For practical purposes the ratio of therapeutic 
activity to toxicity is more important than the 
absolute therapeutic activity per gramme or per 
gramme-molecule As an increase in LD50 repre- 
sents a reduction m toxicity, the efficienc>' of these 
substances has been expressed as the ratio 
of the anti-arsenical activity and the toxicity, both 
measured with umt activity as that of dimercaprol, 
as shown m the last column of Table VI Only the 
sugar ethers of dimercaprol surpass dimercaprol 
when considered m this way, and of the sugar 
ethers the glucoside is substantially the best 
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No attempt has so far been made to observe the 
effect of delaying treatment with dithiols on the 
relation between survival time and the dose of 
dithiol, nor to extend the method used in these 
experiments to determine the relation between other 
poisons and survival time, or the effects of dithiols 
on poisoning by other substances 
A substance which mcreases the survival time of 
experimental anunals is not necessarily an effective 
therapeutic agent in either animals or men 
Weatherall (1949) has shown that all the substances 
discussed here with the exception of 1 2-dimer- 
captohexane-3 4 5 6-tetrol, 1 2-dimercaptopro- 
piomc acid, and 1 6-hexanedithiol, which he did 
not test, reduced the mortality in oxophenarsme 
poisoned mice, and the compounds which he found 
most efficient in preventmg death m oxophenarsme 
poisoned mice are those which m the expenments 
now reported have been foimd most efficient m 
prolongmg the survival time of phenylarsenoxide 
poisoned rats In the present work the efficiency of 
the dithiol has been measured only when it has been 
given immediately after the poison It is likely that 
the relative efficiency of differept dithiols will differ 
when they are used m the delayed treatment of acute 
poisonmg or m chronic poisonmg It is, however, 
unhkely that a dithiol which has no activity when 
given immediately after the poison, at a time when 
the poison is circulating freely, will have appreciable 
effect m chronic poisonmg when the poison has 
been fixed by the tissues The present procedure, 
therefore, provides a test for excluding ineffective 
substances, and a quantitative method for differen- 
tiating between substances with almost equal 
activity and for studying changes m activity produced 
by changes in chemical structure 

Summary 

1 Lethal doses of phenylarsenoxide and oxo- 
phenarsme have been injected intramuscularly into 
rats and mice and the survival times have been 
measured 

2 Over the range of doses used the log survival 
time was as a rule'lmearly related to the log dose 
and at least with phenylarsenoxide to the temperature 
of the room also 

3 Some poisoned ammals were immediately 
injected intramuscularly with dimercaprol Those 
treated with dimercaprol lived longer than those 
untreated 

4 For a gi\en dose of dimercaprol, the relation 
beUscen the log dose of phenylarsenoxide and the 
log survual time was linear and the slope was the 
same as in the absence of dimercaprol 


5 The mean increment m log survival time 
produced by different doses of dimercaprol in 
phenylarsenoxide poisoned rats was linearly related 
to the log dose of dimercaprol This relation Vvas 
not grossly affected by small differences in environ- 
mental temperature 

6 From a consideration of the two regressions. 
It appeared that the amount of phenylarsenoxide 
inactivated by dimercaprol mcreased to a maximum 
when the dose of dimercaprol was about 160 /tM,kg 
and was greater with large doses of phenylarsenoxide 

7 Sirmlar data are presented for oxophenarsme 
and dimercaprol m rats and rmce The results are 
less comprehensive, but suggest that m very small 
doses dimercaprol can accelerate death m oxo- 
phenarsme poisoned rmce, and that with larger 
doses of dimercaprol the relationship resembles that 
to phenylarsenoxide 

8 In the presence of dithiols, the relation 

between the log dose of phenylarsenoxide and the 
log survival time was linear but not always parallel 
to the Ime for phenylarsenoxide alone The 
differences were not large and approximate com- 
pansons of the activity of ten dithiols and related 
substances have been made and are discussed 
None of the substances was more active than 
dimercaprol ' 
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DIMERCAPROL AND THE BILIARY EXCRETION 
OF LEADHN RABBITS 
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MICHAEL GINSBURG* * AJsJD MILES WEATHERALLf 
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Gmsburg and Weatherall (1948) showed that 
dimercaprol injected intramuscularly in rabbits 
shortly after lead acetate bad been injected intra- 
venously mcreased the amount of lead m the 
alimentary canal and particularly m its contents, 
and decreased the amount m the hver The con- 
centration of lead m bile obtamed from the gaU 
bladder was very vanable and did not provide good 
evidence about the part played by bihary excretion 
m this redistribution The present experiments 
were du'ected to setthng this pomL 

Methods 

The procedures used m preparing solutions, admims- 
tenng and estimating lead by means of the tracer Ph*** 
(thonum B) have already been descnbed (Gmsburg and 
Weatherall, 1948) ^ 

In order to collect samples of bile, rabbits weighmg 
2 5-2 9 kg were anaestheti 2 ed with mtravenous pento- 
barbitone or ether and cannulae were tied mto thfe 
trachea, the mtemal carotid artery and the common bile 
duct The cystic duct Nvas tied The artenal blood 
pressure was recorded, and artifiaal respiration was 
applied if necessary Lead acetate (2 07 mg Pb/kg ) 
contaiiung about 200 microcunes of thonum B was then 
given intravenously and bile was collected for the next 
four penods of one hour, and their content of lead 
estimated In some rabbits, dimercaprol (12 5 mg /kg ) 
in 66 per cent (v/v) aqueous propylene gjycol (0 25 mg / 
kg) was iryected mtramuscularly two hours after the 
lead acetate, and into the rest 66 per cent propylene 
glycol alone This dose is one-quarter of that previously 
used for the miUal mjecUon, and has been reduced 
because it is doubtful whether rabbits already subjected 
to anaesthesia and operative trauma would tolerate much 
larger amounts In one rabbit (No 355) the dose of 
dimercaprol was 4 mg /kg After 4 hours the rabbits 
were killed with a large dose of pentobarbitone and 
certain tissues were taken for the estimation of the lead 
in them 


• Present address — Department of Pharmacology Umveraity of 

Bristol t Present address — Department of Pharmacology London 

Hospital Medical SchooL 


Resul’ts and Discussion 

The results are shown m Table 1 and Fig 1 
When dimercaprol was not admmistered, the highest 



TIME IN HOURS 

Fig 1 — ^The effect of dimercaprol on the excretion of 
lead in bile Abscissa time in hours after the 
intravenous admmistraUon of lead acetate (2 07 mg 
Pb/kg ) Ordmate percentage of adrmnistered 
lead excreted per hour in bile 

concentration of lead in the bde occurred m the 
second hour and later samples contamed less When 
dimercaprol was uyected after the second hour, 
even m a dose as small as 4 mg /kg , the concentra- 
tion contmued to nse, except m the rabbit anaesthe- 
tized with ether This rabbit was uLpoor condition 
and died before the end of the third hour and it is 
unlikely that the lack of response was due directly 
to the different anaesthetic In all these experiments 
there was a progressive decline m the blood pressure 
without strikmg changes referable to the lead 
acetate or dimercaprol There was no mdication 
that the mcreased excretion after dimercaprol was 
due to circulatory improvement. 




TABLE I 

THE EFFECT OP DIMERCAPROL ON THE FATE OF LEAD IN ANAESTHETIZED RABBITS WITH CANNULATED BILE DUCTS, AFTER THE INTRAVENOUS 

ADMINISTRATION OF LEAD ACETATE (2 07 mg Pb/kg ) 


DIMERCAPROL AND BILIARY EXCRETION OF LEAD 


IIS 
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The average amount of lead in the hver was not 
reduced by dimercaprol m the rabbits and the 
amount of lead in the small mtestme m one of the 
control ammals was much higher than any previously 
observed by us As the bile duct was hgated, this 
suggests that lead is also excreted directly by at 
least some part of the alimentary canal The high 
value was assoaated with considerably more 
handhng of the gut than usual m the operative 
procedure and was perhaps due to consequent 
hyperaemia The present results for tissues are very 
variable and cannot be compared with the findmgs 
in normal rabbits 


Summary 

Dimercaprol mcreases the excretion of lead m the 
bile of anaesthetized rabbits 

We are indebted to Miss Irene Munro for technical - 
assistance, and to the TherapeuUc Research Corporation 
for a personal grant to one of us (M G ), and to the 
Medical Research Council for a grant for expenses to 
the other of us (M W ) 
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CONTRACTION 


In a recent paper Guarino and Bovet (1949) have 
studied the use of the measure pA for expressmg 
mtensity of drug antagomsm pA^ has been defined 
(Schild, 1947) as the negative logarithm of the molar 
concentration of an antagomst which reduces the 
effect of a multiple dose, x, of a stimulant drug to 
that of a smgle dose Guarmo and Bovet have 
pointed out that this defimtion does not specify 
concentration of active drug, and therefore by 
implication assumes that pA is mdependent of the 
mihal concentration of active 
drug used In studymg the an- 
tagonism between acetylchohne 
and flaxedil* on the frog’s 
rectus abdomims, however, 
they foimd that pA was not 
entirely mdependent of the 
imbal concentration of acetyl- 
chohne used For mstance, 
an mcrease m the concentra- 
tion of acetylcholme of 1 5 log 
umts produced a decrease of 
pAj of 0 53 umts Guarmo 
and Bovet then proceeded to 
evolve a new formula for the 
quantitative relations of antagomstic drugs whereby 
pA would be dependent on the concentration of 
active drug m competitive antagomsm 

This mterestmg paper raises several issues con- 
nected with the use of pA and the definition of 
competitive drug antagomsm I propose to discuss 
the following pomts 

1 Conditions under which pA is mdependent of 
concentration of active drug 

2 Quantitative relations of antagomstic drugs 

3 The practical use of pA 

Dependence of pA on Heght of Contraction 
Types of Concentration-Action Curves 

It IS well laiown that concentration-action cur\'es 
plotted on a logarithmic scale, first in the absence 
of an antagonist and then m the presence of anta- 

•1 2 J — lii-^-diethjlaminocthoxvbcnzmc tne'kicKlide 


gomst, are fi'equently parallel This experimental 
fact forms the basis for Gaddum’s formula (1937) 
for drug antagomsm and it is also at the basis of the 
pA measure, smce parallehsm on a log abscissa 
imphes that pA is mdependent of height of contrac- 
tion (and hence of concentration of active drug) A 
simple way of findmg whether pA is apphcable is 
thus to draw concentration-action curves on a log 
scale with and without antagomst This method 
may also be used to deterrmne pA values 





. BC^ORC AnTACOSIST 
ATTtR AntaOO*J1*»t 


LOG CONCENTRATION OF ACTIVE DRUG 

Fig I — ^Three types of concentration-action curves 


Concentration-action curves have also been 
descnbed, however, which are not parallel when 
plotted on a loganthrmc scale, and where pA m 
consequence is dependent on the height of contrac- 
tion Amongst these, two types emerge One type 
(type n of Fig 1) has been described by Zadma 
(1947) with the following two charactenstic proper- 
ties the concentration-action curves become 
progressively flatter and their maxima decline as the 
concentration of antagonistic drug is increased 
Examples are histamme-harmine on guinea-pig 
ileum (Zadma, 1947), acetylcholine-magnesium on 
gumea-pig ileum (Zadma and Knz, 1948), acetyl- 
chohne octyltrimethylammonium on rat s intestine 
(Clark and Ra\ entos, 1 937) Particularh m Zadina’s 
careful experiments it is perfectly clear that not only 
the slopes but also the maxima of the cunes arc 
decreased These results are presumabK due to 
some sort of non-compctiti\ e antagonism since the 
effects of the antagonist cannot be completciv 
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reversed Such curves might occur, for example, if 
a constant number of contractile elements (or 
“ receptors ”) were put out of action by a given 
concentration of antagonist This would have the 
effect of decreasmg both slopes and maxima 
Lastly there are curves of type III (Fig 1), for 
example Guarmo and Bovet’s curves obtamed with 
acetylchohne-flaxedil on the frog’s rectus , here the 
concentration-action curve with antagomst is 
steeper than without It was m order to account 
for these results that Guanno and Bovet suggested 
a new formula for competitive drug antagomsm 

Quantitative Relations of Competitive 
Antagonists 

Gaddum (1937) and Guanno and Bovet (1949) 
have suggested formulae to express quantitatively 
the relations of antagomshc drugs competmg for 
receptors The two formulae are mcompatiblei it 
can be shown, in fact, that accordmg to one of them 
pA is independent of concentration of active drug, 
whilst according to the other it mcreases as the 
negative logarithm of concentration of active drug 
Since the matter is of general mterest I shall try, in 
the following, to point out the differences underlymg 
these two formulations of competitive antagomsm 
Gaddum’s formula is based on the assumption 
that drug and antagonist compete for free receptors 
on the cell surface accordmg to a simple mass action 
law, and that at equihbnum the number of drug- 
receptor combinations is equal to the num^r of 
drug-receptor dissociations and sirmlarly for the 
antagonist Contraction of the muscle ]s,supposed 
to be proportional to the average number of recep- 
tors occupied by the active drug With these 
assumptions a formula can be_ derived which relates 
percentage contraction y to concentration A of 
stimulant drug and B of antagomstic drug 

T _ _ K,xA (1) 

100 -y K.B,+ \ 

KB, = x-l 

A similar equation is obtained by applying 
Langmuur’s adsorption isotherm to the case of two 
gases competmg for the same surface (Taylor, 1931) 
Guanno and Bovet’s formula is denved as follows 
Assummg concentration of a drug to produce 
effect 1 , and concentration 2A to produce a bigger 
effect, what concentration of antagonist is required 
to reduce the effect of 2A to that of ^ ? To simplify 
the argument it is assumed that the antagomst 
(“ false drug ”) has the same affinity for receptors 
as the acti\e (“true”) drug has The answer is 
that the concentration of false drug required is 
equal to that of true drug, namely ZB = 2A, since 


m this way the chances of true drug reactmg with 
receptors will be halved and hence its action vnll be 
reduced to that of A Generahzmg this argument, 
jf the concentration of true drug is mcreased to xA, 
then the amount of false drug required to reduce 
this effect to that of A must be such that the total 
amount of true and false drug present m the solution 
IS X times the amount of true drug present This 
leads to the followmg general formula 
K^B, = x(x-l)K,A . (2) 

where B, is concentration of antagomst required 
to reduce the effect of concentration xA of stimulant 
drug to that of A 

In non-competitive antagomsm this formula is 
assumed to reduce to sunple proportionahty, 
namely 

JC, B, = xK,A . (3) 

This formula, mcidentally, was onginally used by 
Clark (1926) to formulate the antagomsm acetyl- 
cholme-atropme, KjjK., dependmg on the' effect 
produced 

That the three equations are mcompatible may 
be shown by transforrmng each to give the anta- 
gomst ratio B,JB,^, required to balance an mcrease 
of active drug from Xi-fold to Xj-fold 

From equation (1) 

x^.l ' 

From equation (2) 

Bx. _ ■yi(^»-l) 

Bxi Xi(xi-1) 

From equation (3) 

Br. ^ ^ 

Bxt^ Xi . 

In this way the apphcability of one or the other 
equation may be tested For example, m order to 
balance an increase of active drug from 2-fold to 
10-fold the antagonistic drug would have to be 
mcreased 9 times, 45 times, or 5 times respectively, 
according to the three equations Unfortunately, 
this test is not very frmtful, smce all sorts of ratios 
seem to occur , for example, a Bio/B. ratio of 5 was 
found for acetylchohne-atropme, 10 for histamme- 
benadryl (Schild, 1947), and 21 for acetylchohne- 
flaxedil (Gua'nno and Bovet, 1949) 

With regard to pA the following difference exists 
between equations (1) and (2) From (1), Bx = 
v-l/TsT, Therefore B( is not a function of A 
Smce pAx = - log Bx, it also is not a function of ^ 
Hence whenever equation (1) applies pAv must be 
independent of concentration of stimulant drug 

From (2) Bxr is proportional to A Therefore pA 
IS mversely related to concentration of stimulant 
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drug Thus an increase in the concentration of 
stimulant drug by one log unit should cause pA to 
dimmish by one umt 

In Guarmo and Bovet’s experiments pA did not 
decrease to the' extent required by their theory, but 
they regard equation (2) as a limiting case of perfect 
competitive antagonism which has not yet been 
shown to occur 

Guanno and Bovet’s assumptions differ m two 
respects from the assumptions underlymg, e g , 
equation (1) 

(i) It IS assumed that if to a given concentration of 
true dfug a quantity of false drug be added to 
mcrease total concentration j:-foId, then the chances 
of true drug reactmg with receptors would b^ 
'reduced to Ifx By equation (1) this would only 
apply if aU receptors were imtially occupied 
Otherwise the addition of antagomst would mcrease 
the total number of receptors occupied and the 
chances of reactmg would be reduced to 1 jx of the 
new total and not of the origmal 

(u) It IS assumed that reducing the chances of 
receptor combmation to 1 jx by false drug has the 
'same effect as decreasing tho concentration of true 
drug to \jx By equation (1) this would apply 
approximately when a few receptors were occupied, 
but would not apply when most receptors were 
occupied This may be illustrated as foUows 
Assume a sufficient concentration of true drug 
present to produce an almost maximal effect If 
this concentration were halved the effect would be 
only slightly decreased smce most receptors would 
still be occupied If, however, an equivalent amount 
of false drug were added each receptor would have 
an equal chance of bemg occupied by one or the 
other and the effect would be halved 

In conclusion Guarmo and Bovet’s assumptions 
do not appear to be based on mass action competi- 
tion for receptors m the sense that drug or antagonist 
occupy a number of receptors for a fimte time to the 
exclusion of each other Langmmr’s treatment is 
based on the assumption that after condensation of 
a molecule of the gas owmg to adsorption on an 
“ elementary space ” a finite interval elapses before 
it escapes again from the surface This notion gives 
a clear physical meamng to the term competition, 
which IS absent m Guanno and Bovet’s hypothesis 

The Practicai. Use of pA 

Methods of measuring activity of antagonistic 
■drugs may be divided into comparative and non- 
comparative methods and into methods m which 
the antagomst is injected first (preventive) and 
methods m w'hich the acti\e drug is mjected first 


(curative) pA belongs to the group of non-com- 
parat ve and preventive methods and m this way its 
field of usefulness is hmited For example, it is 
difficult to use a preventive method quantitatively m 
the whole animal smce this requires producing a 
constant concentration of antagomst m the blood 
stream, on the other hand it is often possible to 
produce a constant effect with the active drug and 
reverse it by means of an antagomst (e g , Ing, 
Dawes, and Wajda, 1945) The mam disadvantage 
of pA IS Its variability, which is greater than that of 
an assay relymg on a comparison with another 
antagomstic drug For this reason comparative 
assays are likely to be preferred for routine work, 
but for the purposes ot a general scale an absolute 
method and one m which the effect of tune and 
concentration can be accurately assessed is preferable 
(Schild, 1947) 

One way of decreasing vanabihty is to define m 
great detail the conditions of the experiment There 
is httle purpose, however, m mtroducmg arbitrary 
limitations which do not add to our mformation, 
unless some important systematic error is thereby 
avoided For example, it is probably not necessary 
to choose a uniform stram of gumea-pigs smce pA 
does not appear to vary systematically from one 
laboratory to another (cf results of Reuse (1948) 
and Schild (1947)) 

In an antagomst assay on an isolated preparation 
the followmg variables may determine the effect 
experimental preparation, concentration of anta- 
gonistic drug, time of contact with antagonistic drug, 
concentration of active drug, effect produced by 
active drug alone, composition of Ringer’s fluid, 
temperature, etc In measurements of pA only the 
first two or three are defined By implication the 
others may be assumed to mtroduce no important 
systematic variation 

In practice a compromise must be found between 
havmg too many arbitrary limitations and excessive 
vanability For example, m the method of Miller, 
Becker, and Tamter (1948) the concentration of 
active drug is fixed This introduces an arbitrary 
limitation, but it certainly helps to reduce variability 
In the case of pA neither concentration of active 
drug nor effect produced by active drug is defined, 
hence the assumption is that for practical purposes 
pA IS independent of these variables This is 
obviously not true when dealing with concentration- 
action relations of type II and III above, and I 
would suggest that m such cases pA be measured 
when the effect is 50 per cent of the maximal In 
this way pA mav be used as a practical measure of 
antagonistic activity even when it is not independent 
of concentration of active drug 
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Summary 

1 Three types of concentration-action curves 
have been descnbed when the effect of a drug on an 
isolated tissue is plotted against the loganthm of the 
dose, in the absence and presence of antagonist 
Curves of type I remain parallel, those of type II 
become flatter, and those of type lU steeper m the 
presence of antagomst Type 11 is often ^sociafed 
with a lowenng of the maximum contraction 
(Zadina) By definition pA is constant only when 
curves of type I occur 

2 Guarmo and Bovet have recently shown that 
curves of type III may occur and have suggested a 
formula which would account for these curves 
Gaddumhad previously suggested a difierent formula 
for competitive drug antagomsm, which accounts 
for curves of type I The two formulae are con- 
trasted and the conclusion is reached that Guanno 
and Bovet s formula imphes a type of antagomsm 
which does not mvolve the notion that drug and 
antagomst compete for and occupy the same 


receptors according to a law of mass action The 
available experimental data are insufficient to 
distinguish between the two views 
3 Vanabihty may be diminished by defining the 
height of contraction at which pA should be deter- 
mined With curves of type I it is unnecessary thm 
to define the effect, but m other cases a 50 per cent 
contraction may be chosen for determimng pA 
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In recent communications (Dutla, 1948, Bum 
and Dutta, 1948, Dutta, 1949) it has been shown 
that p-dimethylammoethyl benzhydryl ether hydro- 
chlonde (“ Be adryl,” Parke, Davis and Co , Ltd ) 
possesses some pharmacological properties m 
common with atropme, pethidme, procaine, and 
quimdme , it produces a fall of body temperature in 
mice, abohshes the constnctor action of acirenaljoe 
and histamme on the perfused vessels of the rabbit’s 
ear, and reheves histamme-induced bronchoconstnc- 
tidn in the gumea-pig It was also demonstrated 
that 2-(N-phenyl-N-benzylarmnomethyl)imtnazo- 
Ime hydrochlonde (“ Andstin,” Ciba, Ltd , or 
“ Histostab,” Boots’ Pure Drug Co , Ltd ) shares 
some of these properties, for it, too, antagomzes the 
action of adrenaline on the rabbit ear vessels and is 
only shghtly less effective than benadryl m allevfatmg 
bronchial constnchon in gumea-pigs after the 
intravenous injection of histamine The mvestiga- 
tion of these substances has since been continued, 
and m this paper the actions of p-diraethylamino- 
ethyl benzhydryl ether hydrochlonde (which will be 
called benadryl) and 2-(N-phenyl-N-benzyIamino- 
methyl)iminazolme hydrochlonde (which will be 
called antistin) on cardiac and skeletal muscle and 
on gangl onic transmission are described The 
results of an mvestigation of benadryl on gastnc 
acidity induced by histamine are also presented 

Local anaesthetic action 

The majonty of the common antihistamine 
substances are local anaesthetics This has been 
shown to be true for benadryl (Leavitt and Code, 
1947) and antistm (Brack, 1946) m man and in frogs 
(Reuse, 1948) Graham (1947) referred to the local 
anaesthetic action of these substances on gumea-pigs 
but did not give any details of his findings In the 
present investigation the strength of these substances 
was determined m relauon to procame by the 
intracutaneous weal method in guinea-pigs des- 


cribed by Biilbrmg and Wajda (1945) In guinea- 
pigs the sensitiveness of the different areas of the 
skin on the back vanes considerably In order to 
reduce this to a minimum, Somers and Edge (1947) 
suggested the use of a statistical design of Latm 
squares for the arrangements between the doses 
and the sites at which the substances are to be 
mjected This was adopted Three animals were 


TABLE I 

EXPERIMENTAL DESIGN, SHOWING THE POSmON OF THE 
INJECTIONS ON THE BACK OF THE GUINEA-PIGS 



Areas 

Guinea-pigs 

1 2 3 

1st day — low dose 

a 

P 

B 

A 


p 

A 

P 

B 

1 

Y 

B 

A 

P 

2nd day — middle dose 

* 

A 

P 

B 


P 

B 

A 

P 


Y 

P 

B 

A 

3rd day — high dose 

a 

i B 

A 

P 

i 

p 

P 

B 

A 

1 

Y 

A 

P 

B 


a = from p = middle y = back P =- procaine A = antistin 
B = benadryl 


used for each comparison The back of each guinea- 
pig was divided into 9 squared areas Procaine, 
antistm, and benadryl were injected intradermally 
in three different concentrations (for each substance) 
on three consecutive days All these compounds 
were given at the same dose ]e\el on any one day, 
and each animal received each substance but at 
different sites This is shown m Table 1 On the 
first day, of the test gumea-pig 1 rccencd low' doses 
of procaine, antistm, and bcnadrjl m the front, 
middle, and rear part of the back rcspcctnely on the 
left-hand side The reaction to 6 pm pricks was 
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TABLE n 


NUMBER OF PRICKS (OUT OF 36) FAIUNG TO ELICIT A RESPONSE AFTER INTRACUTANEOUS INJECTION OF PROCAINE, 

ANTlSriN, AND BENADRYL IN THE GUINEA-PIG 


Compounds 

Procame 

hydrochlonde 


Antistm 



Benadryl 


Concentration 
in per cent (w/v) 

01 

0 25 

1 0 

004 

0 1 

0 25 

004 

01 

025 

Pig 1 

8 

7 

30 

6 

7 

29 

5 

8 

31 

„ 2 

13 

20 

26 

4 

20 

" 29 

7 

26 

24 

„ 3 

4 

21 

V 36 

8 

16 

31 


20 

36 

„ 4 

5 

18 

22 

3 

9 

5 

3^ 

18 

15 

„ 5 

5 

16 

31 

4 

15 

35 * 

4 

20 

24 

„ 6 

10 

7 

36 

11 

17 

12 

7 

21 

36 

Mean 

75 

15 

30 

6 

14 

23 5 

/ 

63 

19 0 

27 6 


determined at each site every five minutes The 
total number of times a pnck faded to produce a 
response in the course of half an hour, out of a 
possible 36, mdicated the degree of anaesthesia in 
that particular spot Next, gumea-pig 2 was 
injected with benadryl m the front, procaine m the 
middle and antistin in the rear part on the left 
squared areas as before and so on On the second 
day the injections were given m the nuddle areas 
and on the third day on the nght-hand side squares 
Two complete senes of expenments were earned 
out with 6 gumea-pigs 

There were 54 individual comparisons at different 
sites on 6 gumea-pigs The results are summarized 
in Table II Each of the figures in Table H (except 
at the bottom hne) represents the total number of 
pricks, out of 36, which faded to ehcit a response at 
a given site during the half hour observation The 
mean values for the six expenments are given at the 
base hne Vanation in the sensitiveness of the 
different areas of the skm is evident if some of the 
individual figures are exaiiuned For instance, 
antistin in 0 25 per cent concentration produced less 
effect than m 0 1 per cent in gumea-pig 4 Sundar 
results were also obtamed from gumea-pig 6 The 
higher concentration of benadryl caused a lower 
degree of anaesthesia than the lower concentration 
of the drug on gumea-pig 4 These are the extreme 
examples 

When the mean figures indicatmg the degree of 
anaesthesia for any one of the given substances 
(shown m Table U) are plotted as ordmates against 
Its logarithmic concentrations as abscissae, a Imear 
relationship is obtamed This is illustrated m Fig 1 
The slopes of the lines for procaine, antistm, and 
benadryl are approximately parallel withm the doses 


mentioned above This parallehsm did not exist 
when higher concentrations of antistm or lower 
doses of benadryl were used At dose levels where 
all the three substances prevented 50 per cent of the 
sk n reactions, benadryl was 3 2 times and antistm 
2 3 times as potent as procaine , 



Fig 1 — Intracutaneous weal m gumea-pigs The graph 
shows the relation between the concentraUon of the 
local anaesthetic (abscissae) and the number of times 
there was no response to a pnck, total 36 packs in 
30 mm (ordmates) Each pomt represents the mean 
of SIX observations BEND = benadryl, ANT = 
antistm, PRO = procame hydrochlonde 

Ajjiagonism to acetylcholine on cardiac muscle 

It is known that both antistm and benadiyl 
antagomze certam actions of acetylcholme, and 
consequently whether they would also antagonize 
acetylcholme on the isolated rabbit’s auricles beating 
m oxygenated Rmger-Locke’s solution at 29° C 
tvas mvestigated Both these substances reduced 
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Fig 2 — ^Isolated rabbit auncles Ringer-Locke’s 
solution at 29° C , 50 ml bath Upper record 
Depression caused by 10 /xg acetylcholme 
for 2 mm (at the end of which the solution 
was changed, W) at 6-mm mtervals The 
second dose of acetylcholine was preceded 
1 mm before by 500 fig antistm The m- 
hibition due to acetylchohne was reduced 
Lower record Depression caused by 50 /xg 
acetylchohne for 2 mm (at the end of which 
the solution was changed, W) at 5-mm 
mtervals , 500 /xg benadryl was given 40 sec 
before both the 
second and third 
doses of acetyl- 
choline The 
effect of acetyl- 
cholme was great- 
ly diminished m 
the presence of 
benadryl 
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the depression caused by acetylcholme on the 
auricular contractions Repeated wasbrngs were 
required before the inhibition produced by acetyl- 
choline was fully recovered The experiments are 
illustrated m Fig 2 

Effect on the refractory period of the cardiac muscle 

Dawes (1946) stated that the quimdme-hke action 
of a substance is associated with its abihty to oppose 
the action of acetylchohne Benadryl and antistm 



Fig 3 — ^Isolated rabbit auncles sUmulated by break 
mduction shocks Rmger-Locke s soluuon at 
29° C , bath 100 ml The auncles fail to follow up 
to 260 stimuli per mm , but follow 252 per mm 
Alter 10 mm exposure to I 1,000,000 benadryl at 
the arrow (the drum was stopped for 9 min ) the 
auncles follow up to 200 but fail to foUow 204 
sUmuh per mm 
T 


were, therefore, tested on the isolated rabbit’s 
auricles stimulated electncally m order to determine 
whether then* power to antagonize the action of 
acetylcholme was associated with a quinidine-like 
action The method followed was that of Dawes 
The isolated rabbit’s auncles were suspended in a 
100 ml bath of oxygenated Rmger-Locke’s solution 
(contammg double the usual amount of glucos^ at 
29° C The effect of benadryl is illustrated m Fig 3 
Before addition of benadryl to the bath the auricles 
were able to follow 252 stimuli per mm but not 
260 per mm or more After 100 /xg benadryl had 
been added to the bath the auncles first followed 
stimulation at 184 per mm but not at 204 per min 
and finally foUow'ed 200 per mm Benadryl, there- 
fore, m a concentration 1 m 1,000,000 reduced the 
maximal rate by 20 6 per cent The relation between 
the percentage decrease m the maximal rate at which 
the auncles could follow electncal stimtJh and the 
logarithm of concentrations is linear Similar results 
were obtained wuth antistm The results of all the 
experiments are summarized m Table III UiiIiTe 
antistm, the effect of benadiyl on the auncles is 
more persistent, therefore, when its action was 
compared with that of quinidmc, not more than 
two doses of each of the substances were used on 
any individual preparation Benadryl and antistm 
are about tivjce as active as quinidine at the level at 
which the three substances reduce the maximal rate 
by 15 per cent 
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TABLE m 


COMPARISON OF BENADRYL, ANTETIN, AND QUINIDINE ON 
THE “ DRIVEN ” RABBIT AURICBJE 


Exp 

No 

Substances 

Cone 

Percentage reduc- 
tion m the maxi- 
mal rate at which 
the auncles 
followed 

4 

Benadryl 

10-* 

10 5 



2 X 10-* 

16 6 



4 X 10* 

23 0 



8 X 10* 

27 5 

5 

Benadryl 

10* 

20 6 



2 X 10-* 

39 3 


Quimdme HCl 

10-* 

82 



2 X 10 * 

29 0 

6 

Benadryl 

4 X 10-* 

10 0 



8 X 10-* 

14 1 



1 6 X 10-* 

23 0 

7 

Benadryl 

10-* 

13 1 



2 X 10* 

20 J2 


Quimdme HCl 

10-* 

84 


ft ft 

2 X 10-* 

14 0 

8 

Quimdme HQ 

10-* 

10 5 



2 X 10-* 

18 2 


Benadryl 

2 X 10-* 

222 


»» 

4 X 10* 

30 0 

9 

Antistm HQ 

10* 

69 



2 X 10-* 

13 6 



4 X 10-* 

296 


Quimdme HQ 

2 X 10-* 

12 5 



4 X 10-* 

17 0 



8 X 10-* 

27 0 

10 

Antistm HQ 

10-* 

3^ 



2 X I0-* 

16 0 



4 X 10* 

21 5 


Quimdme HQ 

2 X 10-* 

10 9 



4 X 10-* 

12 5 


>» tf 

8 X 10-* 

15 3 





11 

Antistm HQ 

10-* 

3 6 



2 X 10-* 

64 



2 X 10-* 

' 12 8 


Qmmdine HQ 

2 X 10 * 

39 



4 X 10-* 

70 


ft >» 

8 X 10* 

12 5 

12 

AntisUn HQ 

2 X 10-* 

9 5 



4 X 10-* 

13 7 


Quimdme HQ 

8 X 10* 

16 4 


2 X 10-* 

90 



4 X 10-* 

12 5 


t» ff 

8 X 10-* 

174 


Antagonism to acetylcholine on skeletal muscle 

These observations were first made on the skeletal 
muscle of the frog A stnp from the frog’s {Rana 
temporana) rectus abdomims was suspended in the 
oxygenated frog-Rmger solution in a 5 ml bath at 
room temperature The solution was replaced every 
three minutes by the frog-Rmger solution containing 
a known concentration of acetylchohne which was 
allowed to act for 90 sec Benadryl (Fig 4) reduced 
the stimulant action of acetylcholme on the muscle 
Similar results were obtamed with antistm The 
response to 10-' acetylchohne was considerably 
dimini shed after exposure of the muscle to 10-* 
antistm for 3 mm 



Fig 4 — ^Frog’s rectus abdominis m frog-Rmger solution 
at room temperature The conUacbons are due to 
2 X 10-' acetylcholme for 90 sec every 3 mm. 
The (xintraction at the arrow was preceded by 
30 sec exposure to 2 X 10 ‘ benadryl 

The effects of these substances were also studied 
on the isolated -phremc-chaphragm preparation of 
the rat (Bfllbrmg, 1946) The techmque followed 
was the same as descnbed m the previous paper 
(Dutta, 1949) The action of antistm is shown m 
Fig 5 In a concentration 4 X KH, antisbn 
mcreased the height of contractions elicited by 
smgle, maximal nerve stimulation by about 20 per 
cent (Fig 5a) After the preparation had been 
washed out, antistm produced the same effect when 
direct stimulation was apphed (Fig Sh) After the 
preparation had been washed out agam, the addition 
of 100 (ig of </-tubocurarme chloride to the bath 
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Fig 5 — Rat diaphragm phremc nerve preparation m Tyrode solution, 37° C , 
50 ml bath Single, maximal shock, 7 per mm , 0 7 milhsecond Tyrode 
solution changed between (a) and {b) and betw'een (b) and (c) (a) Indirect 

stimulation 2 mg antistm increased the muscle contractions (b) Direct 
stimulation 2 mg antishn had the same effect as in (a) (c) Indirect 

stunulation progressive paralysis of the muscle to nerve stimulation 
after 100 fig </-tubocuranne chJonde (d) Direct stimulation 2 mg 
antistm still enhanced the contracPons Before bemg washed out (W) 
the muscle gave no response to mdirect stimulation, but the contractions 
began to return after the second washmg out, as shown in the nght- 
hand side of the record 


abolished the response of the 
muscle to nerve stimulation (Fig 
5c) but not to direct stimulation 
(Fig 5d), the addition of the 
same amount of antistm to the 
bath was followed by mcreased 
muscle twitches as before Before 
the wash-out (W), the stunulation 
of the nerve had no effect The 
contractions began to return some 
time after the Tyrode solution 
had been changed agam (W) 

This IS shown on the nght-hand 
side of the record (Fig 5d) In 
higher concentrations antistm 
caused a curare-like depression of 
the rat diaphragm The minimum 
concentration necessary to demon- 
strate' this varied with different 
preparations In the experiments 
illustrated m Fig 6B, the effect 
of antistm m a concentration 
1 6 X 10-‘ was most pronounced Depression 
of the muscle was observed with only one quarter 
of this concentration m other experiments When 
the concentration of antistm was high enough 
to cause marked dimmution of the twitch tension 
of the rat diaphragm, the initial stimulatory 
stage was seldom missed However, this was 
barely evident m the experiment reproduced m 
Fig 6B 

The action of benadryl was very similar to 
antistm This substance m a concentration 4X10-^ 
augmented the contractions of the rat diaphragm by 
78 per cent on indirect stimulation and by 50 per 


cent when the muscle was stimulated directly After 
the diaphragm had been made insensitive to nerve 
stimulation by the addition of 100 fig of ^f-tubo- 
curarme chloride to the bath, the same concentration 
of benadryl still mcreased the muscle tvwtches m 
response to direct stimulation by 23 per cent In 
thwe expenments the rate of stimulation was 7 per 
mih , the duration of each stimulus bemg 0 7 rrullisec 
Benadryl m a concentration 4 X 10-' also caused 
depression of the contractions m response to nerve 
stimulation This dechne m the height of muscle 
twitches was usually preceded by a penod of 
augmentation (Fig 6D) 



ABC D 

Fig 6 —Rat diaphragm phrenic nerve preparation in Tyrode solution, 37° C , 50 ml bath A and B single, 
maximal nerv-e stimulation, 7 per nun , 0 5 millisecond The solution was changed between A and B, 2 mg 
antistm increased the contractions (A) while 8 mg produced depression of the muscle tension (B) preceded by 
a very short stage of stimulation C and D single, maximal nerve stimulation, 6 per mm , 1 milhs^nd The 
solution was changed between C and D, I rag benadryl produced an mcrcasc in the amplitude whereas 
2 mg caused an imtial mcrease followed by progressne depression till the bath was washed out (\V) 
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Action on the perfused superior cervical ganglion 
From the results of the previous experiments a 
suggestion arose that the curare-like action of these 
substances on the skeletal muscle might be exerted 
by blockmg the neuromuscular transmission This 
led to an examination of the effect of benadryl and 
antistm on the perfused supenor cervical ganghon 
of the cat The procedure was the same as descnbed 
in the earher paper (Dutta, 1949) The ganghon 
was perfused with Lodke’s solution at 35° C In 
Fig 7 (upper record) the depressant action of 
benadryl is illustrated The record shows the 
contractions of the nictitatmg membrane m response 
to preganghomc stimulation (16 per sec, every 3 
mm ) The third stunulation was preceded by a 
dose of 250 gg benadryl and the response to the 
next stimulation was abolished The ganghon 
recovered gradually The effect of antistm is shown 
in Fig 7 (lower record) and the results of all the 
expenments are summarized m Table IV 


TABLE IV 

ACTION ON SOTERIOR CERVICAL OANOUON OF THE CAT 


Exp 

No 

Drug 

Amount 

iiyected 

mpg 

Height of con- 
traction of the 
mctitatmg mem- 
brane m mm 

Percen- 

tage 

inhibi- 

tion 

Before 
addition 
of drug 

After 
addition 
of drug 

2 

Benadryl 

100 

18 

3 

83 

3 


200 

65 

0 

100 

4 


400 

51 

37 

27 

5 


400 

36 

21 

42 

6 


300 

30 

25 

17 

7 


400 

42 

34 

19 

7 


600 

40 

0 

100 

8 

Jf 

250 

47 

0 

100 

4 

Antistm 

500 

40 

29 

28 

5 


200 

52 

48 

8 

5 


400 

52 

26 

V 50 

6 


600 

28 

18 

36 

8 

>> 

200 

53 

39 

26 


Effect on histainine-indiiced gastric secretion 

There has been some difference of opimon about 
the effect of benadryl on the gastnc secretion 
evoked by histamme Expenments were therefore 
” earned out on cats by the method descnbed by 
Howat and Schofield (1948) A cat, which had been 
kept wthout food overnight, was anaesthetized with 
chloralose and a rubber tube %vas inserted m the 
pylonc end of the stomach for %vithdrawal of the 
gastnc juice The stomach was washed out with 



MITISTIH 

ACOj 

Fig 7 — Supenor cervical ganglion of the cat, perfused 
with Rjnger-Locke’s solution 'Contractions of the 
luctitating membrane in response to preganghomc 
stimuh, 16 per sec for 10 sec every 3 nun Upper 
record response to stimulation was abohshed after 
250 /ig benadryl The ganghon recovered shortly 
Lower record response to stimulation was dimin- 
ished after 400 /xg antistm 

s 

warm water through an openmg made m the 
oesophagus which was reached by an incision m the 
neck of the animal This was later closed The 
cat was warmed so as to maintam a constant rectal 
temperature Atropme sulphate (1 mg /kg) was 
mjected mtravenously to reduce the effect of vagal 
impulses After an hour the stomach was washed 
with N/200 HCl and 25 ml left m Every 15 min 
the stomach was emptied and refilled with 25 ml of 
fresh dilute solution of the acid The amounts of 
free and total acid present m each sample were 
estimated by titration with N/20 NaOH, thymol blue 
bemg used as indicator llie samples drawn out 
immediately before each histamme infusion were 
taken as the mitial level for each secretory curve 
Histamme acid phosphate (0 0045 mg /kg /mm ) m 
normal salme was infused mtravenously for 45 mm 
by a slow infusion pump The total amount of acid 
secreted durmg this penod constituted the first 
response After the secretion had returned to the 
basal level a second infusion of histamme was given 
and the total amount of acid secreted formed the 
second response Benadryl was mjected intraven- 
ously before the begmnmg of the second histamme 
admmistration 

The secretion of free hydrochlonc acid rose 
steadily durmg the infusion of histamme and 
declmed progressively as soonvas the infusion ended 
It returned to the basal level withm an hour The 
figures fof total and free acid were very close to one 
another The amoimt of aCid secreted during each 
response is ^expressed throughout as milhhtres of 
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TABLE V 

IX)UBLE inSTAMINE TEST ON GASTRIC SECRETION IN CATS (AETER ATROPINE) 

1st and 2nd responses = total acid -secreted during 1st and 2nd infusions of histamine respectively 



Controls 

_ 

Benadryl 3 mg /kg 
between 1st and 2nd responses 

Exp 

Wgt 

kg 

1st response 
N/20 HCI ml 

■ 2nd response 
N/20 HQ ml 

Exp 

Wgt 

kg 

1st response 
N/20 HQ ml 

2nd response 
N/20 HCl ml 

1 

3 2 

10 2 

21 1 

1 

3 2 

82 

13 9 

2 

3 2 

3 3 

93 

2 

55 

18 2 

18 1 

3 

3 3 

17 7 

11 7 

3 

3 3 

12 0 

13 8 

- 4 '• 

3 3 

10 4 

11 4 

4 

28 

75 

31 8 

5 

25 

65 

9 3 

5 

3 0 

79 

16 0 

6 

25 

9 6 

228 

6 

3 2 

48 

11 9 

7 

49 

21 6 

14 1 

7 

28 

6 8 

18 4 

8 

45 

10 3 

98 

8 

3 0 

8 1 

14 1 

9 

34 

20 4 

18 9 

9 

2 8 

6 1 

12 0 

10 

3 0 

12 2 

10 0 

10 

3 0 

17 9 

10 3 

Mean 


12 22 

13 84 

Mean 


9 75 

16 03 

Mean difference 16 ± 2 2, I = 0 73, 

± Std error 

Mean diffe 

rence 6 28 - 

b 2 66, / = 2 36, ± Std error 

p = 0 5, not significant 


p is less than 0 05, significant 

4 


N/20 HCl When these figures are compared 
(Table V) the vanation between the responses of 
mdmdual cats becomes obvious In four of the 
ten control experiments (Table V), m which no drug 
was administered between the two mjections of 
histamme, the output of acid dunng the second 
response was greater than the first, m another four 
cats the first response was greater than the second, 
and in the remaining two no appreciable difference 
between the two responses was noticed The mean 
total amount of acid secreted dunng the first response 
(Table V) was 12 2 ml and dunng the second res- 



Fig 8 — Gastnc acidity m atropinized cats , double 
histamine teSt Mean of ten control cxpenmcnts m 
which no drug was admmistered betw-een the two 
histamine responses Histamine acid phosphate 
(0 0045 mg /kg /mm ) was perfused intraTCnously 
for 45 min each time The mean second response 
showed an mcrease by 13 0 per cent over the first 
This was not statistic^y significant 


ponse It was 13 8 ml , the mean difference, which 
was 1 6 ml , was not statistically significant Fig 8 
shows graphically the mean results of ten control 
experiments In the expenments with benadryl, the 
mean titratable acidity of the second response was 
greater than the first by 63 3 per cent (Table V) 
Smce t = 2 36, the value of p was less than 0 05, 
1 e , the second response differed from the first 
significantly Thus after benadryl the gastnc cells 
secreted a greater amount of acid m response to 
histamme than before the admimstration of the 
antihistamine substance 

Discussion 

Benadryl is reputed to possess an atropine-like 
action, for it reduces the depressor response of 
acetylchohne m the dog (Loew, MacMillan, and 
Kaiser, 1946), antagomzes the stimulant effect of 
acetylchohne on the gut (Loew, MacMillan, and 
Kaiser, 1946), causes mydnasis, and alters accom- 
modation (Hams, McGavack, and Elias, 1946) 
Antistm also prevents the contractions of the 
isolated mtestme induced by acetylchohne (Meier 
and Bucher, 1946) The effect of benadiyl and 
antistm m mhibitmg the action of acetylcholine on 
the isolated rabbiF auncles is additional evidence m 
this direction 

Dawes (1946) reported that the substances which 
prolong the refractory period of cardiac muscle are 
antagonists of acetylchohne This is also true for 
benadryl and antistm, for both of them reduced the 
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maximal rate of the electncally stimulated rabbit 
auncles This effect is not due to the generalized 
depression of the auncular tissue If doses of 
benadryl and antistm which are sufficient to reduce 
the maximal rate of contractions of electncally 
dnven auricles are added to a bath m which isolated 
rabbit auncles are beatmg freely, the amphtude' of 
contractions is increased It is necessary to raise 
the concentration several times before any reduction 
of the height of contractions or slowmg of the organ 
is noticeable 

Acetylcholme increases the maximal rate of 
contraction of the dnven auncles (Dawes, 1946, 
EUo, 1947), this effect is mcreased by esenne or 
physostigmme and abolished by atropme (Elio, 
1947) Elio has further suggested that “ the trans- 
mission of the impulse in cardiac muscle may be 
effected by a mechamsm in which acetylcholine is a 
key substance ” Recently, BQlbnng and Bum 
(1949) showed that the isolated rabbit’s auncle is 
capable of synthesizmg acetylcholme, and that the 
contractions of an auncle, which has been allowed 
to beat contmuously untd it has stopped, can be 
started agam by the addition of acetylcholme to the 
bath If, therefore, one assumes that acetylcholme 
takes part m transmission of cardiac impulses, it is 
not difficult to explam the action of benadryl and 
anbstin in reducmg the maximal rate of the rabbit’s 
auncle, for both of them share the property of 
opposing the action of acetylcholme at vanous sites 

On the skeletal muscle of the rat diaphragm these 
substances produced a dual effect In small concen- 
trations they mcreased the response to a smgle 
maximal electncal shock, but m higher doses the 
opposite effect is produced The evidence is strong 
that both benadryl and antistm act on the muscle 
directly, smce the augmentation of the muscular 
twitches caused by mdirect stimulation was also seen 
in response to direct stimulation and was not 
affected by <I-tubocurarme chlonde Both benadryl 
and antistm prevented the contractions of the 
mctitatmg membrane m response to pregangliomc 
sympathetic stimulation m the perfused ganghon' 
It may be that the dimmubon of the twitch tension 
of the rat diaphragm m response to nerve stimula- 
tion when under the influence of these substances is 
at least in part due to some blockmg of the neuro- 
muscular transmission 

In three of their four dogs with vagal denervated 
gastnc pouches, Loew, MacMillan, and Kaiser 
(1946) noticed a sigmficant decrease of the acid 
secretion in response to histamme after benadryl 
Using about three times the dose employed by the 
previous w orkers, Fnesen, Baronofsky, and Wangen- 
steen (1946) failed to observe any such effect 


Sangster, Grossman, and Ivy (1947) also did not 
notice any evidence which justified the conclusion 
that benadryl dimmished the response of the gastnc 
glands to histamme m dogs Studies on man 
(Moersch, Rivers, and Morlock, 1946, McElm and 
Horton, 1946) did not provide any defimfe evidence 
that benadryl antagonized the action of histamme 
on the gastnc secretory response On the contrary, 
m some subjects the output of acid was actually 
stimulated (Gilg, 1948, Ashford, Heller, and Smart, 
1949) The results of the present mvesbgation 
clearly show that after benadryl the secretion of 
titratable acid from the stomachs of atropmized cats 
is usually mcreased m response to histamme 
Recently Bam, Broadbent, and Warm (1949) have 
shown that the early effect of the antihistamine 
substance phenergan is to potentiate the reaction to 
an mtradermal injection of histamme 

Summary 

1 Both antistm and benadryl ^ _ 

(i) when tested by the mtracutaneous weal 

method m the gumea-pig, show a Imear relation- 
ship between the loganthmic concentration of the 
substances and their local anaesthetic effect 
Both are more potent than procame, 

(u) reduce the depressant action of acetyl- 
cholme on the isolated rabbit’s auncle, 

(m) decrease the maximal rate at which the 
isolated rabbit’s auncle will respond to electncal 
stimulation The relabon between the percentage 
decrease m the maximal rate and the loganthm of 
the concentration is Imear for both these sub- 
stances Both of them are more active than 
qumidme, 

(iv) reduce the contractions produced by acetyl- 
cholme on the isolated frog’s rectus , 

(v) in small concentrations mcrease the twitch 
tension of the rat’s diaphragm ehcited by smgle, 
maximal nerve volleys These enhanced muscular 
contractions are also seen m response to direct 
stimulation m the curanzed prejiaration When 
concentrations of these substances are raised, a 
declme m the muscle’s response to mdirect 
stimulation follows, 

(vi) depress the contraction of the mctitatmg 
membrane m response to preganghomc stimula- 
tion when mjected into the flind perfusmg the 
superior cervical ganghon 

2 In cats after atropme, benadryl significantly 
mcreased the rate of hydrochlonc acid secretion 
from the stomach durmg intravenous perfusion of 
histamme 
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The finding in this laboratory (Bum and Vane, 
1948) that acetylcholine is capable of restoring the 
spontaneoiis contractions of isolated rabbit auncles 
after they have been stopped by the antunalanal 
substance proguanil raised the question of the 
possible importance of acetylchohne for pathogenic 
protozoa m general The further demonstration of 
a close relationship between the motor activity of 
auricular muscle and its abihty to synthesize 
acetylchohne (Billbrmg and Bum, 1949) suggested 
the possibihty that this substance might be of 
particular importance to highly motile organisms 
such as trypanosomes 

I Acetylcholine in Trypanosoma Rhodesiense 
{a) Identification of acetylchohne 

The trypanosome used was an old stram of T 
rhodesiense which has been mamtamed at the 
Liverpool School of Tropical Medicme for the past 
26 years It causes a fulmmating sephcaemic type 
of infection m mice and rats, endmg fatally three or 
four days after a light moculation 

Prehimnary expenments confirmed that washed 
rat blood cells neither contam, nor synthesize under 
the most favourable conditions, any measurable 
amount of acetylchohne 

For these expenments rats ^vere bled mto 1 per cent 
(w/v) sodium citrate m normal salme soluUon contammg 
1 10,000 esenne, the blood cells then bemg centrifuged, 
resuspended m esenne-saline, and again centrifuged The 
cells thus packed were present m concentrations rangmg, 
m indmdual expenments, up to 17,800,000 per cu mm 
A mixture was made of equal parts of this packed blood 
cell matenal and a substance dcscnbed by Feldberg and 
Mann (1946) as “ activator,” prepared by extracting an 
acetone-dned powder of rabbit bram with hot sahne, 
and found by these workers to enhance the synthesis of 
acetylchohne by bram tissue The mixture was then 
divided mto three portions of 2 c c. each One of these 
was acidified with 1 c c N/3 HCl and boiled m order to 
destroy any possible cholme acetylase present, the 
second portion received no prehmmary treatment, while 


the third was converted mto an acetone-dned powder by 
washmg several times m acetone and drying m a vacuum 
desiccator, the powder bemg then suspended m 2 c c of 
“ activator ” The three specimens (2 c.c each) were 
next mcubated for 75 mm at 37° C with the mgredients 
(and in the proportions) shown by Feldberg and Maim 
(1946) to be suitable for the synthesis of acetylchohne by 
bram tissue and used also by Biilbrmg and Bum (1949) 
for acetylchohne synthesis by rabbit auncles The 
specimens, duly neutralized by the addition of N/3 
NaOH, were then exammed for acetylchohne by their 
effect on the frog rectus muscle Any acetylchohne 
which might be shown to be present m the first specimen 
(acidified and boiled before mcubation) must necessarily 
have been present from the begmnnig, any difference in 
content between the first and second specimens must 
represent synthesis that had taken place durmg the penod 
of mcubaUon, whilst acetylchohne shown to be present 
m the third specimen (the acetone-dned powder) must 
also have'- bwn synthesized durmg mcubation No 
acetylchohne could, however, be demonstrated in any of 
the specimens Smce these tests showed that rat blood 
cells neither contam hor synthesize acetylchohne, it was 
accordmgly held to be unnecessaiy to separate blood 
cells from trypanosomes when preparmg a suspension of 
trypanosomes for mvestigaUon of theu possible acetyl- 
chohne content The trypanosome matenal was therefore 
prepared m the foUowmg way 
Six rats were moculated mtrapentoneally (0 3 c c per 
rat) with heart’s blood obtamed from 2 very heavily 
infected mice Two days later the blood of these rats, in 
turn, was swarmmg with parasites, and 36 c c were 
obtamed by heart puncture and added to 108 c-c of 
sodium citrate-sahne soluUon (1 g NajCjHtO ,2HiO/100 
c c , 0 85 g NaCn/100 c c ) Esenne, 2 88 c c of a 
solution contammg 0 5 g eserme sulphate/100 c c was 
immediately mcluded, givmg a concentration of 1 
10,000 eserme m the trypanosome-blood mixture This 
was then centnfuged at 5,500 r p m for 2 min , the 
supernatant replaced by sahne soluUon contammg 
1 10,000 esenne, the mixture agam centnfuged at 
5,500 r p m for 2 mm , and the supernatant then dis- 
carded The deposit, consisUng of densely packed blood 
cells and trypanosomes, occupied 14 4 c c To this were 
added an equal volume of sahne and 7 2 c c N/3 HCl, 
the mixture then bemg rapidly boiled and cooled, brought 
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to 72 0 c c in frog-Ringer solution, and stored m the 
ice-box for determination of acetylcholine the following 
day 

The matenal was neutralized and then assayed by four 
separate methods, two dependmg on motor and two on 
mhibitor effects charactenstic of acetylchohne The 
motor tests were on the isolated frog rectus muscle and 
the isolated gmnea-pig ileum, and the inhibitor tests on 
the perfused isolated frog heart and the blood pressure 
of the spmal cat 

Results were as follows 

(i) Contraction of the isolated frog rectus muscle 
(see Fig 1) ' In order to deal with the possible 
comphcation of non-specific contractions produced 
by the trypanosome material, a portion of the 72 c c 
obtamed as above was treated with N/3 NaOH and 
boded to destroy any acetylchohne that might be 
present After cooling and neutrahzmg with N/3 
HCl, this control specimen (S BA ) faded to cause 
any contraction of the rectus muscle By addmg 
known amoimts of acetylchohne to portions of the 
control specimen, ^d matchmg the contractions 
which these produced agamst the contractions 
produced by imtreated portions of the test fiuid, 
1 c c of this fluid (S ) was found to correspond to 
0 3 /ig acetylchohne 


(li) Contraction of the isolated guinea-pig ileum 
(see Fig 2) The contractions produced by 0 1 c c 
of the trypanosome material were foimd to be equal 
to those produced by 0 03 ug acetylcholme, thus 
agreemg with the result obtamed by the frog rectus 
method above That it was acetylchohne which was 
responsible for the contractions produced by the 
trypanosome material is supported by the fact that 
the contractions could be prevented by atropme 

(m) Perfused isolated frog heart beat (see Fig 3) 
The dimmution which 0 05 c c of the test specimen 
produced m the amphtude of the heart beat was the 
same as that produced by 0 015 /^g acetylchohne, 
thus agreeing quantitatively with the results obtamed 
by the two motor tests above Agam the effect 
could be prevented by atropme 

(iv) Blood pressure of spinal cat (see Fig 4) The 
blood pressure was reduced to the same extent by 
1 c c of the test specimen as by 0 3 Mg acetylchohne, 
thus agam agreemg quanPtatively with the results 
obtamed by the other methods No fall m blood 
pressure was produced by the specimen after it had 
been boiled with alkah (S BA ) The fall was 
increased by prior injection of esenne and abohshed 
by atropme 


Fig 1 — Contractions of the frog 
rectus muscle S BA = spea- 
men of trypanosome matenal 
boiled m alkah, cooled, and 
neutrahzed S = specimen 
not so treated 1 0 c c of S 
equivalent to 0 3 mE acetyl- 
choline (ACH) 

Fig 2 — Contractions of gumea- 
pig ileum 0 1 c c of trypan- 
osome matenal (S Jequi’^ent 
to 0 03 Mg acetylchohne 
(ACH) ^ect abolished by 
20 me atropme (ATR) 

Fig 3 — ^Perfused isolated frog 
heart beat 0 05 c c of try- 
panosome matenal (S ) eqmv- 
alenttoO OISmE acetylcholme 
(ACH) Effect abohshed by 
2 me atropme (ATR) 

Fig 4 — ^Blood pressure of spmal 
cat 1 0 c c of trypanosome 
matenal (S ) equivalent to 
0 3 me acetylchohne (ACH) 
No effect produced by 1 0 c c 
trypanosome matenal prev- 
iously boiled m alkali, cooled, 
and neutralized (S BA ) 
Effect of 1 c c S enhanced by 
0 3 mg esermc and abohshed 
by 2 mg atropme (ATR) 
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The fact that the trypanosome matenal produced 
effects characteristic of acetylcholine m each of these 
four tests, and that, moreover, its acetylchohne 
content was in perfect agreement (0 3 ng per c a) 
for each assay method, leaves no room for doubt 
that it was indeed acetylchohne and not some 
unidentified substance which was responsible for the 
reactions observed 

(b) Synthesis of acetylchohne 

The possibihty seems remote" that the trypano- 
somes absorb preformed acetylchohne from some 
organ or body fluid of the host It would be much 
more likely that they acquire the substance by their 
own powers of synthesis, and this we have been able 
to demonstrate After a few orientatmg expen- 
ments, the foUowmg routine procedure was adopted 
in the preparation of trypanosome matenal for this 
further work 

Four rats 'were inoculated mtrapentoneally with 
heavily infected mouse blood on whiA a trypanosome 
count had previously been earned out, so that the 
amount injected per rat could be adjusted to contam 
about 2 X 10* trypanosomes Two days later the rats 
were sufficiently heavily infected for the required purpose 
It was found advisable to use rats at levels of infection 
thus obtamed rather than rats that are even more densely 
infected, since trypanosomes obtamed from the latter 
tended to dismtegrate soon after bleedmg, resultmg m 
an underestimate of the amount of trypanosomb matenal 
present if there should be any undue delay in countmg 
the trypanosomes The rats were bled by heart-puncture 
and 30 c c of blood added to 90 c c of 1 per cent sodium 
citrate-salme solution 

The trypanosomes were counted at this stage, and the 
total of 120 C.C then divided mto two equal portions, to 
one of which was added 1 2 c c 1 /200 esenne (final esenne 
concentration therefore 0 01 per cent) The reason for 
treating one portion with esenne was to preserve any 
acetylchohne that might otherwise be destroyed m the 
course of the subsequent w vitro operations Each of 
the two 60 cc portions, non-esennized and esennized 
respectively (labelled N and E for convemence), was 
then divided mto 3 equal lots of 20 c.c each These were 
then centpfuged at 5,500 r p m for'2 mm , the super- 
natant discarded and replaced by salme for N and by 
esenne salme for E, centrifuged once more at 5,500 r p m 
for 2 mm , and the supernatant flmd agam discarded, 
thus leawng 3 specimens of N and 3 of E, each consistmg 
of about 2 c c packed blood cells and trypanosomes 
The number of trypanosomes m each of the six specimens 
thus obtamed vaned m different experiments between 
3 04* and 6 37* 

The 3 specimens of N and E respectively were then 
treated m essentially the same way as the 3 specimens 
obtamed from uninfected rat blood m the experiment 
desenbed on p 2S0 designed to confirm that the blood 
cells neither contam nor synthesize acetylchohne, that 


is, one specimen was aadified with 1 c.c N/3 HCl and _ 
boiled, one received no such prehmmary treataiMt, and 
one was converted mto an acetone-drfed powder 

The specimens were then meubated at 37° C with the 
mgredients and m the proportions desenbed by Feldberg 
and Mann (1946) and assays agam earned out on the 
frog rectus preparation Standard acetylchohne solubons 
for matchmg agamst the samples "of unknown content 
were made up m the same mgredients as those of the 
latter samples, except that rat blood cells were not always 
mCluded Tests showed that the onussion of this parti- 
cular component did not affect the result Errors due to 
contracbon of the frog rectus by factors other than 
acetylchohne were ehmmated also by bofling a portion 
of the unknown solubon in the presence of N/3 NaOH, 
neutralizmg, and makmg up with known amounts of 
acetylchohne for matchmg against the unknown Smee 
the blood cells neither contam nor synthesize acetyl- 
chohne, any of this substance discovered must have b^n 
denved from the trypanosomes, and, agam, the difference 
m acetylchohne content between the specimen aadified 
and boiled before meubabon and the specimen not 
treated m this way must represent the amount synthesized 
durmg the course of meubabon Any acetylchohne 
present m the specimen prepared from the acetone-dned 
powder must also represent synthesis 

The accompanying Table shows the resnlfs of a 
number of consecutive experiments of this type 
The amoimts of acetylchohne have been calculated 
per 10’“ trypanosomes because that number of 
packed trypanosomes weighs approximately 1 g . 
the average of three determmations (m good agree- 
ment) of the wet weight of trypanosomes separated 
from blood cells and packed by -centrifugation at 
5,500 rpm for 3 mm was, m fact, found to be 
0 957 g The vanations of the results shown m the 
Table are due not merely to experimental error but 
to the fact that findings are mcluded of the mitial 
onentating experiments of the senes before the 
procedure had been finally standardized as desenbed 
above Thus, the absence of acetylchohne in the 
sjiecimen without esenne (AO of exp 5 may have 
been due to the fact that there was an excessive 
concentration of trypanosomes m the specimen, 
resulting in them dismtegration and the destruction 
of any acetylchohne that may have been present 
Moreover, iirthese earher experiments, considerable 
time was taken up by alternately freezmg and thaw- 
mg the specimens, a procedure which was discarded 
as unnecessary m the later experiments of the senes 
In the last three experiments, the acetylchohne 
contents of the preparations without esenne {N) 
were no longer significantly lower than those of the 
preparations with esenne (E) The fact that the use 
of esenne m prepanng the specimens for meubabon 
mcreased the apparent yield of acetylchohne in the 
earher experiments affords additional support for 
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TABLE 

ACETvxcHOUNE IN Trypanosoma rhodesiense, in {iQ per 10^“ trypanosomes" (0 96 G wet whght) 


Experiment 

Trypanosomes not exposed to esenne before 
mcubation (AO 

Trypanosomes exposed^ to esenne before 
mcubation (E) 

Content 

before 

incubation 

Synthesized during 
mcubation 

Content 

before 

mcubation 

Synthesized dunng 
mcubation 

Trypanosomes 
not converted 
to acetone- 
dned powder 

Trypanosomes 
converted to 
acetone- 
dned powder 

Trypanosomes 
not converted 
to acetone- 
dned powder 

Trypanosomes 
converted to 
acetone- 
dned powder 

1* 




2 67 

0 

060 

2a 




2 41 

0 21 

0 90 

2b* 




2 28 

0 

0 28 

3 

3 58 

1 80 

0 

454 

0 

0 

4 

1 86 

0 94 

0 28 

5 08 

1 58 

0 

5 

0 

0 71 

0 

8 08 

1 60 

1 15 

6 

10 3 

5 58 

1 24 

823 

423 

0 74 

7 

2 71 

2 41 


3 08 

2 56 


8 

5 72 

2 18 


6 80 

1 36 



• Trypanosomes separated from blood cells before Incubation and assay 


believing that it is indeed acetylcholine and not some 
unknown substance with which we are deahng 

In two of the earher experiments (Nos 1 and 26) 
the red cells had been carefully separated from the 
trypanosomes by differential centrifugation before 
incubation and assay of the latter, but the results 
as a whole appear to show that there is no advantage 
m this precaution 

Confimng our attention now to the eserinized 
senes alone, the mean acetylchohne content before 
incubation was found to be 4 79 fig (range 2 28 to 
8 23 fig) per 10^® trypanosomes, or 5 00 ^g. (range 
2 38 to 8 60 [ig ) per g wet weight Synthesis 
ranged between 0 and 4 23 (ig per 10^" trypanosomes 
in 75 mm In order to compare these figures for 
synthesis by trypanosomes with those found by 
BQlbnng and Bum (1949) for rabbit auncles we have 
detemuned that an acetone-dned powder of 10'® 
trypanosomes weighs about 0 078 g The amounts 
synthesized by trypanosomes were therefore 0 to 
54 2 y-g per g powder (71 5 gg m one result of 
series AO as compared with 40 2 ± 12 7 yg quoted 
by Biilbnng and Bum for rabbit auncles It is 
interesting that the figures for trypanosomes and for 
rabbit auncles should be in such close agreement 
It rmght be emphasized, though, that we have not 
explored the optimum conditions for acetylchohne 
formation by trypanosomes We have merely used 
those which Feldberg and Mann (1946) found to be 
optimal for bram tissue, under other circum- 
stances, as yet unknown, it may well be that much 
higher figures could be obtamed for the activity of 


trypanosome matenal m this respect The Table 
shows that no particular advantage was gamed by 
preparmg an acetone-dned powder of the trypano- 
some matenal, and this procedure was therefore 
omitted m the last two experiments of the series 

n Lack of Acetylcholine in Plasinodiian 
Galhnacewn 

In order to discover whether the blood stages of 
Plasmodium gallinaceum contam or are capable of 
synthesizmg acetylchohne, the procedure adopted 
was the same as for Trypanosoma rhodesiense, except 
for mmor differences necessitated by differences m 
the two types of infection For example, m order 
to amve at an estimate of the number of parasites 
in each specimen, tiypanosomes were counted 
directly m a haemacytometer chamber (after suitable 
dilution of the specimen), whereas for malaria 
parasites the total number of red cells was first 
estimated m the usual way in a countmg chamber, 
the number of parasites then being derived from the 
ratio of parasites to red cells as detemuned m stained 
blood films 

Several exjjenments were earned out with P 
gaUmaceiim, the follo\vmg bemg a typical example 
A massive infection was produced in an eight-week- 
old chicken by inoculating it intravenously with 
10 c c blood from another heavily infected chicken 
Tw'o days after moculation 22 cc blood w’as 
obtamed by heart puncture and immediately added 
to 66 c c sodium atrate-sahne solution containing 
1 10,000 esenne The mixture was then divided 
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into 3 equal portions, centnfuged, the supernatant 
replaced by eserine-saline, and the mixture agam 
centnfuged The three deposits (containing 9 72“ 
parasites each) were then treated exactly as descnbed 
above for the mveshgation of rat blood and try- 
panosomes , that IS, one specimen was acidified with 
1 cc N/3 HCl and boiled, one received no such 
prelimmary treatment, and one was converted to an 
acetone-dned powder The specimens were then 
incubated m the manner descnbed above, and 
tested on the frog rectus preparation No evidence 
of acetylcholme could be detected m any of the 
specimens tested 

Discussion 

Smce the isolation by Ewms (1914) of acetyl- 
cholme from a hquid extract of ergot, implymg its 
production by Claviceps purpurea, very httle atten- 
tion has been directed toward the possibihties of 
acetylcholme formation by other mioro-orgamsms 
A recent and convmcing contnbution m this field 
has been the demonstration by Stephenson and 
Rowatt (1947) of acetylcholme production by a 
stram of Lactobacillus plantarum^fiom sauerkraut 
Bayer and Wense (1936) showed acetylcholme to be 
present in a species of the free-hvmg protozoon 
Paramoecium, but there seems to have been no 
investigation till now of the production of acetyl- 
cholme m pathogemc protozoa 

It IS not possible at the present stage to do more 
than speculate, m seekmg for an interpretation of 
our findmg that trypanosomes synthesize and 
presumably utihze acetylcholme while malana 
parasites do not It may, however, be relevant that 
acetylchohne is well knpwn to be mtimateljl con- 
cerned in a vanety of motor mechamsms among 
higher orgamsms rangmg from some of the mverte- 
brates <e g , the leech) up to the highest forms of 
vertebrate life Its importance for motor processes 
has recently been suggested even in a location where 
it was formerly regarded as essentially an inhibitor 
substance, namely, m heart muscle, for the work 
of BQlbrmg and Bum (1949) provided evidence for 
behevmg that the activity of auncular muscle is 
inseparably linked with its synthesis of acetylcholme 
One IS therefore tempted to correlate the presence 
of acetylcholme m trypanosomes and its absence 
from malana parasites with the fact that the former 
are highly active motile orgamsms while the latter 
are relatively immobile This reference to the lack 
of motility on the part of malaria parasites should, 
of course, be qualified by recogmzmg, firstly, that it 
is only the blood stages and not the mosquito phases 


With which we are here concerned , and, secondly, 
that shght motihty, varymg m degree among difierent 
species of malana parasite, is in fact exercised 
durmg the trophozoite (or amoeboid) stage of 
development Indeed, the specific name Plasmodium 
vivax testifies to the prommence of tfus particular 
feature m the parasite of bemgn tertian malana, m 
companson with other spiecies of malana parasite 
The motihty is, however, relatively sluggish, bemg 
essentially amoeboid m type and qmte unhke that 
of trypanosomes with their highly specialized organs 
of locomotion The demonstration by Bayer and 
Wense (1936) of acetylcholme m Paramoecium may 
be significant m this connexion smce Paramoecium 
is, of course, also charactenzed by morpbologcal 
differentiation providmg for a high degree of 
rnotihty 

It need hardly be added that we do not attempt to 
assign to acetylcholme some role m connexion with 
high motihty as its sole possible ^function among 
micro-organisms Its presence m Claviceps purpurea 
and Lactobacillus plantarum is alone sufficient to 
mdicate that this cannot be the case Likewise, we 
do not exclude the possibihty that a high degree of 
motihty may occur m some species of protozoa or 
related orgamsms without acetylcholme bemg 
involved Among the lower orders of metazoa Bacq 
(1947) pomts out that coelenterates and tunicates, 
which are far from devoid of motor properties, 
contam either no acetylcholme or only mappreciable 
amounts of that substance 

Summary 

1 Trypanosoma rliodesiense has been found to 
contam acetylchohne to the extent of 2 28 to 8 23 /^g 
per 10*" trypanosomes, or 2 38 to 8 60 /ig per g wet 
weight The formation of acetylcholme has been 
demonstrated in vitro m amounts up to 5 50 /ig per 
10*® trypanosomes, or 71 5 /:ig per g acetone-dned 
powder, m 75 mm at 37° C 

2 Plasmodium gallinaceum has been found 
neither to contam nor to synthesize acetylcholme 

This work was supported by grants^from the Medical 
Research Council to E M L and U P 
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The need for isolating a purified active principle 
from crude curare started at an early date m South 
America, when Boussmgault and Roulm (1828) 
succeeded in obtammg a bitter prmciple which they 
differentiated from strychmne, isolated eight years 
previously Although the problem was sornewhat 
clarified by the work of Preyer (1865) and Boehm 
(1886, 1897), It was not until 1935 that the active 
alkaloidal salt, cfex/ro-tubocurame chloride, was 
isolated m a pure crystallme state by Kmg from a 
sample of native tube-curare The same alkaloid 
was obtained m a good yield by Wmterstemer and 
Dutcher (1943) from a single plant species, chon- 
drodendron tomentosum, which is probably its chief 
botamcal source 

The fate of this alkaloid m the body has received 
httle attention, the present work is an attempt 
towards providmg some information on this point 

Choice of a Method 

The methods of assaymg curare-preparations m 
general are either chenucal or biological ' 

Chemical methods — ^Barbosa (1903) pubhshed 
elaborate charts depicting the colours obtamed with 
vanous curare compounds Quahtative, though 
non-specific, reactions for the curare alkaloids with 
potassium ferrocyamde were described by Cole 
(1923) and with tnchloracetic acid by Schoofs 
(1927) Recently, Foster and Turner (1947) have 
developed a tentative polarimetric method for the 
assay of rf-tubocurarme chlonde They also des- 
enbed a colonmetnc method for the assay of the 
alkaloid dependmg on the use of Fohn-Ciocalteu 
phenol reagent 

All these methods, however, must be of limited 
apphcation on account of the many materials which 
yield colours with the reagents, and the high con- 
centration of the alkaloid required for its detection 

Biological methods — One of the early methods 
was described by Gaddum (1937) and consisted m 
determimng the paralysing dose for the frog 
Holaday (1941) developed the head-drop method. 


which employs muscular relaxation m an mtact 
mammal (rabbit) as the critenon of curare activity 
The mtravenous mjection of curare in mice hkewise 
produces a head-drop This method, described by 
Kimura and Unna (1948), is claimed to be more 
economical and allows the statistically vahd deter- 
rmnation of the head-drop dose on a umform 
population In this connexion it may be noted that 
the difference between the average head-drop dose 
and the average lethal dose represents the margm of 
safety of the drug, and that this margm is so narrow 
that the determination of the average head-drop dose 
often results m loss of the animal Moreover in a 
head-drop method the results are not recorded 
objectively 

Skmner and Young (1947) desenbed a “mouse- 
method ’’ of assay of curare activity as bemg simple 
and objective Marsh and Pelletier (1948) used a 
method dependmg on companng the paralytic doses 
for rats 

The main use of any of these methods at present 
IS mostly confined to the evaluation of compounds 
with curare-hke activity, and even there they suffer 
from the disadvantage that they do not establish the 
site of action of the drug, which is one of its most 
characteristic features 

The isolated frog’s nerve-muscle preparations 
(gastrocnemius-sciatic or nerve-sartorius) have also 
been used, most authors (for references, see Ing, 
1936) have estimated either concentrations which 
paralysed the muscle completely or which just failed 
to cause complete paralysis After such severe 
poisomng, recovery is usually slow 

Chou (1947) used the rat’s phrenic nerve- 
diaphragm preparation (Bulbring, 1946) for the 
estimation of curare-like activity The use of this 
method for assay requues the presence of the test 
substance m relatively large concentrations 

The frog's rectus abdommus muscle method 

This method depends on a measurement of the 
antagomsm between acet>Ichohne and tubocurarine, 
and although it is probably more sensitne than other 
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methods it is not specific It was' descnbed by 
Jalon (1947) and was found suitable for the purpose 
of the present work The bath used here for this 
preparation contams 2 ml Ringer’s solution at 
room temperature, aerated by a continuous stream 
of oxygen bubbles, and the contractions are recorded 
on a slowly movmg smoked drum The magnifica- 
tion is about 10 and the tension about 3 g weight 
A suitable fixed dose of acetylchohne is added to the 
bath every 6 rom and allowed to act for exactly 
2 nun before it is changed and the preparation 
allowed to relax When the responses of the rectus 
muscle to acetylchohne have baiome quite regular, 
a suitable volume of the solution to be tested is 
added 90 sec before the addition of acetylcholme, 
and its effect on subsequent responses to the latter 
observed When doses are thus added at a constant 
time interval, the effect produced m the given con- 
stant time IS regularly related to the dose and can 
be taken as an mdex of the potency of the solution 
Thus a quantitative estimate of the amoimt of tubo- 
curarme present m an extract is obtamed by com- 
panng it with a standard solution of tubocuranne, 
given m alternate doses By this procedure it is 
possible to detect 0 1 |ig tubocurarme As it made 
no difference to the assay whether or not the rectus 
had been sensitized beforehand by eserme, the 
uneserinized preparation was preferred 

The Preparation of Extracts 

In extracting added or mjected tubocuranne from 
the vanous tissues and biological fluids, the foUowmg 
methods were tned 

Blood — Using whole blood in vitro, most of the drug 
added was recovered from the plasma by the use of acid 
alcohol Extracts of blood cells gave no evidence that 
tubocuranne had passed inside them After an injection, 
extracts were made m the followmg way The blood was 
nuxed with hepann and cooled ivith ice, and the plasma 
immediately separated The aad alcohol was prepared 
by acidifying absolute ethyl alcohol with a crystal of 
tartanc acid or with 0 1 ml AHCl, and 10-15 ml were 
used for each 1 ml plasma The plasma was added 
dropwise to the acidified alcohol, which was shaken 
thoroughly after each addition The precipitate was 
separated and washed with aad alcohol, the edeohohe 
solution taken down to dryness on a ivater bath, and the 
residue dissolved in Ringer’s solution and filtered 

Urine — A certam volume of the unne was evaporated 
to dryness on the water bath The sohd residue was then 
thoroughly mixed with absolute ethyl alcohol (5 ml for 
each 1 rnl urme) and the prcapitate separated by 
centnfugmg and washed with absolute alcohol The 
alcohohe solution was then evaporated to dryness, and 
the final residue taken up in Ringer’s solution (1—10 ml 
for each 10 ml unne), thus the tubocuranne m the 
unne could be concentrated 1-10 times 


Tissue — A convement method was found to depend 
on extraction with aad alcohol, and here the use of 
sulphunc aad as an aadifymg agent was usually found 
to be supenor to hydrochlonc aad m providmg a final 
clear extract, this was observed by Chang and Gaddum 
(1933) when they were estimating the acetylchohne 
equivalent of tissue extracts Since the acetylcholme m 
these extracts would mterfere with the test for tubo- 
curanne it was mactivated by hydrolysis Extracts 
prepared m this'way may contam otheT pharmacologi- 
cally active substances, and are therefore only smtable 
for use m a biological test, which is relatively httle 
affected by these substances, this is another advantage 
of the frog’s rectus muscle which is insensitive to most 
substances m extracts except acetylchohne 
The tissue was weighed, cut up with sassors, and mixed 
with aadified alcohol (15-20 ml per g tissue),- where its 
cutting up and mixmg were completed This acidified 
alcohol was prepared by addmg 1 2 ml 277111804 to 
each 100 ml of absolute ethyl alcohol The deposit was 
then separated by centnfugmg and washed with aad 
alcohol, the alcohohe solutions were evaporated to 
dryness and the Residue taken up m Rmger’s solution and 
filtered The extract was then made shghtly alkalme and 
boiled for 1-2 min to destroy acetylcholme but not 
tubocurarme, finally it was neutralized and concentrated 
until 1 ml corresponded to 1-5 g tissue 
Faeces — In some animal experiments it was desired 
to look for the presence of the drug m the faeces Here, 
the masses were powdered and a weighed quantity 
transferred to a dry clean mortar and thoroughly mixed 
with absolute ethyl alcohol (10 ml per g), the deposit 
was separated and washed with alcohol, and the alcohohe 
solutions finally evaporated to dryness and the residue 
dissolved m Rmger’s solution and filtered 
Gastric Juice — ^In the consaous human subject, excre- 
tion of the drug was sought for m the sahva and gastnc 
juice The fasting gastnc juice, aspirated through a 
Ryle’s tube, was well shaken and filtered The' filtrate 
was heated on the flame and the coagulum separated, 
the clear flmd was neutralized and used for the test 
Saliva — ^To each 9 ml absolute alcohol, aadified by 
few drops of dilute HCl, 1 ml sahvi was added drop-by- 
drop, the alcohohe solution bemg shaken thoroughly 
after each addition and for suffiaent time at the end 
The fhm precipitate was separated and washed with aad 
alcohol The alcohohe solutions were evaporated to 
dryness and the residue taken up m Rmger’s solution 
and filtered 

It may also be mentioned that m extracting biological 
fluids a control sample of the fluid was always obtamed 
before the iiyection of the drug was made, and was 
extracted and exammed m the same way as the later 
samples When the samples obtamed after the'iiyection 
showed measurable curanform activities, this usually 
decreased as the time mterval after which the sample had 
been obtamed became longer, until it faded away 
approachmg the blank control 
Such an activity was assumed to be due to the presence 
of the drug m the correspiondmg fluid As for the tissues, 
a control extract was prepiared from the correspondmg 
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tissue of a cx)ntroI anim al The control biological fluids 
and tissue extracts thus obtained were devoid of curan- 
form activity All extracts were, if necessary, made 
neutral before they ■were used m the test 

Results 

In order to test the accuracy of the methods used, 
the recovery of known amounts of iZ-tubocmarme 
chlonde added to the various tissues and biological 
flmds was tned Table I shows that the recovenes 
of known amounts added to blood, urme, and sahva 
were satisfactory In Table II the -recovenes of 
known amounts added to the vanous tissues are 
recorded. 

TABLE I 


RECOVERY OF TUBOCURARINE ADDED TO BIOLOGICAL FLUIDS 


Biological 

fluid 

Tubocurannc concen- 
tration ;ig /ml 

Per cent 
loss 

Added | 

Recovered 

Human blood 

20 

1 80 

+ 10 


1 0 

0 90 

+10 


1 0 

1 0 

0 

Rabbit’s ,, 

20 

. 1 9 

+5 


1 0 

0 85 

+ 15 


1 0 

1 

1 12 

-12 

Mean + 46 

Human urine 

20 

1 9 

+5 


1 0 

1 0 

0 

Rabbit’s ,, 

20 

1 90 

, +5 


1 0 

1 15 

-15 

Rat’s „ 

1 0 

1 0 

0 


1 0 

0 90 

+ 10 

Mean + 0 83 

Human sahva 

KB 

2 10 

-5 



0 85 

+15 


mi 

0 85 

+15 

Mean + 83 


TABLE n 

RECOVERY OF TUBOCURARINE ADDED TO TISSUES 


Tissue 

Tubocuranne concen- | 
tration /ig /g j 

t 

Per cent 
loss 


Added j 

Recowred 

Minced mouse 

1 0 1 

1 10 

-10 


1 0 

1 05 

-5 


05 ! 

0 45 

1 +10 

Rabbit’s h\er 

1 0 

1 07 ■ 

-7 


1 0 

09 

+ 10 

Rabbit’s muscle 

' 05 

0 45 

+ 10 


1 

04 

-20 

Rabbit’s kidnej 

i 05 

! 0 45 

-i-10 

! 04 

1 035 

1 

-1-12 5 
Mean -*-5 6 


TJte fate of tiibocurarme in man 

This was studied m five subjects, one conscious 
man and four patients undergomg surgical opera- 
tions and kept under cyclopropane-oxygen anaes- 
thesia The study was made by detenmnmg the 
blood levels of the drug at vanous intervals after its 
mtravenous admmistration, by determinmg the 
amount excreted m the urme and m the conscious 
subject, by detectmg and eshmatmg the drug m 
some other biological fluids i e , the sahva, gastnc 
jmce, and cerebrospinal flmd All control samples 
were collected before the mjection, then the finig, 
tubarine “ B W ,” was mjected mtravenously m a 
dose of 0 2 mg /kg The patients were m the second 
plane of anaesthesia Blood samples were dra\vn 
on the third, fifteenth, and thirtieth mmutes after 
the mjection Urme specimens were collected at 
hourly mtervals after the mjection Furthermore, 
m the conscious subject, a sample of sahva was 
collected on the twenty-first mmute The spinal 
canal was tapped and a sample of cerebrospinal 
flmd drawn thirty-three mmutes after the mjection, 
and ten mmutes later a specimen of the fasting 
gastnc juice was aspirated 

In Fig 1 the average levels of the drug m the 
blood are presented From this curve it may be 
noticed that {a) an average concentration of about 
4 ptg per ml plasma, occumng three mmutes after 



Fig 1 — Plasma concentrations of tubocurannc in man 
after the intrai-enous administration of 0.2 mg /kg 
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the injection, seems desirable for the production -tif 
full muscular paralysis, providing adequate relaxa- 
tion for surgical procedures This corresponds m 
the conscious subject to the complete classical 
■picture of curarization , (b) fifteen mmutes after the 
mjection, when the muscles begm to regam their 
tone, and in the conscious subject their power, the 
correspondmg average concentration is about 2 6 fig 
per ml plasma, dnd (c) half an hour after the 
injection, when there was apparent recovery from 
the drug effects, a level of about 1 [ig per ml plasma 
was reached 

The various volumes of distnbution of the drug 
at the specified mtervals are given m Table III 


TABLE m 

VOLUMES OF DISTRIBUTION OF TUBOCURARINE IN MAN 
Dose 0 2 mg /kg i v 


Time 
after 
dose 
(min ) 

Mean 

concentration 
m plasma 
(mg / ) 

j /'mean concen \i 
°®Uose(mg /kg )J 

Volume of 
distn- 
bution 

I /lOO kg 

3 

40 

1 30 

5 

15 

26 

1 11 

77 

30 

1 0 

07 

20 


In the conscious subject the drug was detected m 
the sahva m a concentration of 1 2 gg per ml 
twenty-one mmutes after the injection, and m the 
C S F m a concentration of 2 5 [ig per ml thirty- 
three mmutes after the mjection About 12 per cent 
of the dose mjected was recovered from this subject’s 
gastnc jmce 

The gastnc excretion of tubocurarme was also 
demonstrated m cats m the followmg way 

In spmal cats, previously starved for 15-18 hours, 
the stomach was washed with warm sahne solution, 
tied at the cardia, and filled with 80 ml sahne through 
a cannula tied mto the pylorus Adequate artificial 
ventilation was mamtamed The drug was mjected 
m a dose of 0 2 mg /kg mtravenously through a 
cannula connected to the femoral vem One hour 
after the mjection a sample of sahne was withdrawn 
from the stomach and exammed for its tubocurarme 
content Two such experiments were performed, 
m one, the total excretion was eqmvalent to 19 4 per 
cent of the dose mjected (cat a 2 kg) and m the 
other (cat 9 2 kg ) to 14 per cent 

Renal excretion — The tubocuranne eqmvalents 
of the hourly samples of urme obtained from the 
five human subjects are shown m Table IV 


TABLE IV , 

RENAL EXCRETION OF TUBOCURARINE IN MAN 

Dose 0 2 mg /kg i v 


Sub- 

ject 

Dose 

mg 

Tubocuranne equivalent of 
unne mg 

Total 
excretion 
as% of 
dose given 

1st 

hr 

2ifti 

hr 

3rd 

hx 

Next 

3 hrs 

Total 

A 

14 ' 

2 82 

1 24 

0 50 

0 

4 56 

32 6 

B 

15 

2 48 

1 82 

0 72 

03 

5 32 

35 5 

C 

12 

2 20 

1 24 

0 62 

0 

406 

33 8 

D 

15 

26 

2 02 

1 50 

0 

6 12 

408 

E 

15 

3 0 

1 4 

1 0 

0 

54 

36 0 


TABLE V 

BLOOD CONCENTRATIONS AND VOLUMES OF DISTRIBUTION 
^ OF TUBOCURARINE IN RABBITS 

Dose 0 12 mg /kg i v 



Tubocuranne concentration mg /I 

Rabbit 

of plasma at times stated after dose 

o 

2 mm 

10 mm 

15 mm 

1 2 

21 

1 2 

08 

2 24 

20 

1 7 

1 2 

■ 3 2 

23 

1 5 

10 

4 25 

- 24 

1 7 

1 1 

5 2 8 

22 

1 4 

1 0 

6 2 8 

22 

1 5 

09 

Mean concentration 

22 

1 5 

1 6 

/mean concen N 

1 262 


0 92 

^°®Vdose (mg /kg )} 

1 097 

Volume of distn- 




bution 1 /1 00 kg 

54 

8 0 

12 0 


The fate of tubocurarine in the rabbit 

The drug was mjected mtravenously m a single 
dose of 0 12 mg /kg body weight At the 2nd, 
10th, and 15th nun after the injection blood 
samples were collected and the plasma separated as 
usual Urme samples were usually collected by a 
sterile catheter at the end of the 2nd, 4th, and 7th 
hours after the mjection All samples were extracted 
and exammed for their curariform activity Six 
rabbits of both sexes were used 

In Table V the blood concentrations and volumes 
of distribution at the stated mtervals after the 
administration of the drug are shown. Fig 2 
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Minutes 

Fig 2 — Ths concentration-dose relationship after intra- 
venous administration of tubocuranne (0 12 mg / 
kg ) m the rabbit and (,0 2 mg /kg ) n man 

represents the relationship between tune and the 

, , / mean cone m plasmaN . 

loganthm of the ratio I ^ r. I for 

\ dose rag /kg / 

man and the rabbit In this Fig it may be noted 
that the ordinate corresponding to zero time for 
man is 1 38 or log 24, the volume of unmediate 
distribution is thus estimated as 100/24 or 4 2 per 
cent, which is probably about equal to the plasma 
volume For the rabbit the volume of immediate 
distnbution calculated in the same way was 4 7 per 
cent This is consistent with the findmg that the 
drug does not pass into the blood cells It dis- 
appears from &e plasma exponentially, with a 
halving time of about 13 min 
The average total excretion of the drug in the 
rabbit’s unne wns found to be 35 per cent of the 
dose given, of this about 23 per cent was excreted 
m the first two hours and 12 per cent in the second 
two hours Samples collected at the end of the 
sexemh hour were free from the drug 

Distribution in rabbit's tissues 

The distnbution of the drug in the rabbit's tissues 
w-as examined m two rabbits of different sex and of 
equal bod\ weight Ten mmutes after the inira- 
xenous injection of 0 17 mg kg the animals were 
killed b\ stunning and bleeding, and their organs 
l 


removed and extracted Extracts of brain, kidneys, 
liver, and voluntary muscles were exammed, and the 
results are shown in Table VI 

-TABLE VI 

TUBOCURARINE-EQUrVALENTS OF RABBIT’S TISSUE 
EXTRACTS 


Rabbits killed 10 nun after the intravenous administra- 
tion of 1 17 mg (kg 



Voluntary 

muscle 

Brain 

Kidneys 

Liver 

Tubocuranne equiv- 




010 

alent (me /g ) 

016 

0 12 

1 6 

0 15 

015 

25 

013 

Total equivalent of 





organ Ofg) 

144 

1 27 

25 6 

95 

135 

1 1 50 

35 0 

11 44 

Percentage of dose 
m organ 

42 

1 

0 37 

1 

' 75 

28 

40 

044 

10 3 

; 34 

Average % of dose 





in organ 

41 

0 41 

89 

3 1 


In one rabbit the muscle extract was prepared 
from neck muscles and m the other rabbit from the 
thigh muscles No appreciable difference between 
the concentrations of the drug in the two extracts 
was noticed The calculation of the total tubo- 
curarme-equivalent of voluntary muscles was made 
on the assumption that they constitute 45 per cent 
of the total body weight 

Oral administration 

Rats of both sexes weighmg beuveen 200 and 
280 g. were used, and tubocuranne was admimstered 
by a stomach tube after the animal had been starv'ed 
over-night The results are shown in Table VII 

TABLE Vn 


FATE OF TUBOCURARINE GIVEN BY STOVIACH TUBE TO RATS 

(No drug detected m faeces) 


Dose 
mg /kg 

1 , 

[ Number 
of rats 1 

I E ects 

( 

I 

j Unnc% 
of dose 

10 

5 i 

[ None seen 

j Nil 

25 

i ^ i 

j 

1 

30 1 

2 1 

Vanable paralj-sis 1 

0 15 

i 



0 I 

40 ' 

1 

1 3 

1 1 

1 Severe paraljsis j 

02 

42 , 

1 

5 1 

Severe paralysis and 
death ! 

i 

45 

I 

3 ! 

do 1 

1 
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From 'these experiments it became clear that the 
drug IS absorbed from the gastro-mtestmal tract 
In an attempt to locahze the site of absorption from 
this tract the followmg expenments were performed 

Group I rats — ^Each animal m this group was 
starved over-mght and in the mormng a median 
laparotomy mcision was made under ether anaes- 
thesia and the duodeno-pylonc junction secured and 
tied Then a stomach tube was passed through the 
mouth, with the ammal still under anaesthesia, and 
tubocurarme mjected through the tube into the 
stomach The abdonunal mcision was then stitched 
up qmckly and the animal allowed to recover from 
the anaesthesia The presence of large amounts of 
the drug (50, 100, and 120 mg /kg body weight) 
introduced mto the stomach m this way was without 
any obvious effects for a jienod of two hours, after 
which the animal was painlessly killed Two animals 
were given each of the lotver doses and four the 
higher dose Thb weight of these rats ranged between 
200 and 260 g When the animal was killed and the 
stomach contents exammed, practically all the 
amount mtroduced was recovered from there, the 
drug was not absorbed by the gastnc mucosa 

Group II rats — Each animal was starved over- 
mght hnd m the mommg a median abdonunal 
incision made under ether anaesthesia and the 
duodeno-pylonc junction secured A stomach tube 
was passed through the mouth and mampulated 
' from the abdonunal wound mto the duodenum 
The tube was then kept m position by a loose loop 
placed aroimd the duodeno-pylonc juncbon The 
drug was introduced into the small intestine by 
mjectmg it through the stomach tube Then the 
latter was carefully withdrawn while the loose loop 
was tightened around the duodeno-pylonc junction 
The laparotomy incision was then quickly stitched 
up and the animal allowed to recover from the 
anaesthesia 

On recovery from anaesthesia, these rats were 
observed to pass qmckly mto a typical condition of 
curare paralysis of variable seventy In six rats 
weighmg between 200 and 250 g when the dose of 
tuboCuranne left mside the mtestme was over 
3 mg /kg (3 5 mg /kg. m four rats and 4 mg /kg m 
two rats), paralysis was very severe and progressed 
to complete respiratory arrest and death m 3-8 mm 
Doses of 2-3 mg per kg mvariably produced a 
certam degree of paralysis of vanable severity, 
startmg about 4-6 nun after the mtemal adnunistra- 
tion This paralysis extended over a penod of 
15-25 min and was severer when the dose left 
mside the mtestme was 3 mg /kg Four rats weighmg 
beUveen 200 and 260 g were used for each dose level 


It was also noticed that the duration of action of 
the drug was rather short, although absorpUon 
started fairly soon It was suspected that the 
pancreabc jmce might be causmg inactivation of the 
drug In order to mvestigate this the pancreatic 
jmce of a cat, prepared by the me'hod recommended 
by Shemngton (1919), was mcubated with tubo- 
curanne at 37° C ^and the curanform activity of the_ 
mixture evaluated at'the end of two hours No loss 
of the tubocurarme content of the mixture was 
detected The pancreatic juice tHils does not appear 
to catalyse the destruction of tubocuraRfle, 

The effect of water diuresis 
In these experiments the tubocurarme-equivalent 
in the urme of a group of rats was detemuned after 
the mtramuscular adnunistrabon of 0 3 mg tubo- 
curarme per kg These ra ts were starved over-night, 
and on the followmg day they were injected with the 
same doses of the drug, just after they had received 
50 ml water per kg body weight by a stomach tube, 
and the tubocurarme equivalent of their urme was 
again detemuned Three groups of rats, A, B, and 
C, each containyig three male rats, were used The 
total weight of group A was 745 g., of B 750 g , and 
of C 730 g In all groups urme specimens were 
collected at the end of the fifth hour and the nmth 
hour after the injection , the second samples were 
mactive, but the fifth houf samples showed curan- 
form activity When the total tubocuranne-equiva- 
lents of the urme were calculated, m each case, before 
and after the water diuresis, an increase m the total 
equivalent was noticed to have occurred durmg the 
water dmresis These results are shown m Tab e 

vni 

TABLE Vin 

urinary EXCREnON OF TUBOCURARINE IN RATS, WITH 
AND WITHOUT WATER DIURESIS 

Dose 0 3 mg /kg mtramuscularly 


Rats 

Urme volume 
(ml m 5 hr ) 

Total I 

tubocurarme- 
equivalent 
excreted 

(mS) 

% of amount 

administered 

Group A 

5 

447 

1 20 

Group B 

3 8 

52 8 

! 23 5 

Group C j 4 5 

39 4 

1 i 

18 

After 50 re 
Group A 

il water/kg bo( 
12 5 

Jy wt by stomach tube 

68 2 [ 30 6 

”” 63 1 

Group B 

15 

Group C 

18 

67 8 { 
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It was also noticed that although the kidneys seem 
to be an important organ in the elnrunation of the 
drug, renal damage did not prevent full recovery of 
the ammal from the paralytic effects of the drug 
This was illustrated by a senes of experiments on 
doubly nephrectomized rats, where it was observed 
that the removal of both kidneys did not senously 
affect the reactions of the' ammals to tubocuranne 
Such animals were apparently able to cope with 
paralytic doses of the drug (0 3 mg /kg body weight 
intramuscularly), and, although the average duration 
of action ot the drug was mcreased by about 30 per 
cent, the recoveiy of the animals by the end of this 
period was almost complete Hepatectomy (about 
75 per cent of the liver) did not appreciably affect 
the sensitivity of rats to the drug . 

TABLE IX 

BALANCE SHEET, SHOWING RECOVERY OF TUBOCURARINE 
IN MICE 

Dose 0 2 mg /kg i v 


Time 

hours 

Wt of 
mice 
(g) 

D6se per 
mouse 
(mg) 

i 

Per cent recovery 

Mice 

Excreta 

Total 

0 

20, 20 

0 004 

92 

0 

I 92 

22,22 

0 0044 

93 

0 

93 

I 

20,20 

0 004 

76 

0 

76 

25, 25 

0 005 

80 

0 

80 

4 

22, 22 

00044 

20 

30 

50 


25, 25 

0 005 

10 

22 

32 


A balance sheet for tubocuranne — ^This was 
constructed from expieriments on mice, in which the 
drug was injected mtravenously in a dose of 
0 2 mg /kg Pairs of male animals weighing betiveen 
20 and 25 g were used and the excreta were collected 
at variable intervals after the injecUon The animals 
were killed and minced, and the tubocuranne 
cquixalcnt of the extracts of the mince and of the 
excreta determined Table IX shows the relation- 
ship between the amounts m the mice and in the 
excreta and the percentage rccoterj’ of the dose 

Discussion 

The \anous stages of tubocuranne paraljsis could 
be correlated with the concentrations of the drug m 
the plasma though the concentrations at the neuro- 
muscular junction must be more intimatclj related 
to these effects The degree of this paraKsis xaries 


widely in different mdividuals (Gray and Halton, 
1948) In the conscious human subject no apparent 
changes m the sensations were observed to follow 
the mjection of tubocurarme , this was also observed 
by Prescott et al (1946) and by Smith et al (1947), 
although it has been reported by Whitacre and 
Fisher (1945) that mtocostnn produces general 
anaesthesia The presence in the C S F of this 
subject of curanform activity equivalent to 2 5 pg 
tubocurarme per ml may be of chmcal interest It 
occurred at a time when the concentration of the 
drug m the plasma was about 1 pg per ml Everett 
(1948) has shown that when the drug is brought into 
direct contact with the central nervous system m a 
sufficient concentration, it is hable to set up con- 
vulsions of central ongm The occurrence of 
violent convulsions after the intravenous adminis- 
tration of tubocurarme m a case of schizophrenia 
was reported by Momson (1948), this may have 
been due to a greater leakage of the drug from the 
vessels of a pathological central nervous system 
The drug is excreted by the salivary glands and 
gastric mucosa The excretion of curarme alo"g 
these channels was reported by Koch (1870), and 
von Huber (1922) drew attention to this fact In 
this respect, tubocuranne is behavmg m a similar 
way to some heavy metals and alkaloids, e g , 
morphme The amounts of tubocurarme excreted 
this way, however, are msufficient to produce 
poisomng after reabsorption 

The- renal excretion of tubocuranne after an 
intravenous mjection is a relatively slow process 
In hourly samples taken from man it was possible 
to detect it m the unne three hours, and sometimes 
four hours, after such an administration This 
might explain the common observation of the 
anaesthetist that if he has to give a second dose of 
tubocurarme during a lengthy operation, he usually 
requires a smaller dose to produce a full effect; 
some of the previous dose is probably still m the 
system In the rabbit; as early as ten minutes after 
the intravenous administration of the drug, the 
apparent tubocuranne content of the kidneys per 
gramme of tissue weight was already higher than 
that of other organs, where the drug seemed to be 
uniformly distributed 

Although the kidneys appeared to be playing an 
important part m the chmmation of the drug, yet 
the relief from the obvious effects of curanzation 
did not seem to depend entirclj' upon renal excretion 
In rats, although the total remoxal of both kidneys 
caused a slight increase in the duration of action of 
the drug, jet the recox eiy of the animals by the end 
of this period was complete Partial hepatectomy 
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did not appreciably increase the sensitivity of these 
animals to tubocurarme It was also concluded by 
Rothberger and Wmterberg (1905), and later by 
Pohmanti (1914), that the liver plays no part m 
detoxicating the drug 

These findmgs agree with recent clmical observa- 
tions by Wall (1947) that renal and hepatic damage 
do not necessarily constitute a senous contradiction 
to the clmical use of the drug 
There must be some other mechamsm by which 
tubocurarme disappears from the body The experi- 
ments on rmce show that the drug is inactivated m 
the body, since 60 per cent of the dose iiyected 
disappeared m 4 hours The site of this mactivabon 
IS unknown It may perhaps occur m voluntary 
muscle which was found to contam 40 per cent of 
the dose m the experiments on rabbits 
It IS almost a popular behef that curare i> meffec- 
tive when given by mouth, either because it is not 
absorbed from the gastro-mtestmal tract or because 
it IS destroyed there or because it is excreted as 
quickly as it is absorbed, so that an effective blood 
level IS not easily reached Bernard (1857) showed 
that the drug given by mouth to dogs was not 
destroyed by the gastnc jmce 
Here it was noticed that, withm a certam range of 
dosage, Epical paralytic effects were produced when 
tubocurarme was given by stomach tube to rats, 
thus mdicatmg absorption However, the presence 
of large amounts of the drug m the stomach alone 
(over 100 mg /kg body weight) was without any 
obvious effects on the ammal, this was probably 
due to lack of effective absorption from this organ 
When the drug was mtroduced directly into the 
small mtestme, m a much smaller dose (2-3 mg /kg ), 
signs of absorption developed rather rapidly and 
progressed fatally with a sh^t mcrease of this dose 
It is possible that with such drugs, pfoducmg 
obvious charactenstic signs withm a short penod 
after admimstration, the widely different absorbing 
properties of these neighbourmg mucous membranes 
could be demonstrated pharmacologically This 
may be another instance of the use of tubocurarme 
as a pharmacological tool 
The effects of the drug (2-3 mg /kg ) thus absorbed 
were, however, of short duration, smce m 15-25 mm 
the ammal recovered from the obvious drug effects 
It seemed unlikely that the relatively slow renal 
excretion could be keepmg pace with such a rapid 
absorption to an extent which would prevent the 
development of a dangerous blood level It is 
possible that the contmuation of absorption from 
the small mtestme was limited by a process of 
precipitation and that the drug may be further 


destroyed along its course m the mtestmes Clement 
and Pistono (1928) showed that bile and bile salts 
could preapitate the alkaloid from curare 

The direct administration of the drug mto the 
mtestme reduced the size of the effective dose by 
mouth more than tenfold It might be possible to 
imitate this clmically by giving the drug m keratm- 
coated capsules m the hope of gettmg desirable 
effects m spastic paralytic conditions, but probably 
the limited absoiption of the drug from the mtestme 
and the short duration of its action when so absorbed 
may limit the clmical value of the drug administered 
that way 

Summary - 

1 The method descnbed by Jalon for estimatmg 
tubocmarine by its action on the frog’s rectus 
abdominis was adopted for determinmg the drug 
equivalent of tissue extracts and biological fluids 
This method was used to follow the fate of the 
drug m man and animals 

2 The immediate volume of distnbution on 
mtravenous mjection corresponds to the plasma 
volume The drug does not enter the blood cells 
It disappears from the plasma exponentially with a 
halvmg'time of about 13 mm These conclusions 
apply both to man and to rabbits 

3 About 20-40 per cent of the drug appears m 
the urme This percentage may be mcreased by 
water diuresis_ Excretion contmues for several 
hours even when the paralysis only lasts about half 
an hour 

4 The mam route of disappearance of the drug 
from the body does not depend on the kidneys By 
extractmg whole mice it was shown that about 60 per 
cent of the dose was mactivated m the body withm 
four hours The hver is probably not the mam site 
of mactivation It is possible that mactivation 
occurs m voluntary muscles, which were found to 
contam 40 per cent of the dose m an experiment on 
rabbits 

5 The effective dose by oral administration in 
rats IS about 100 times the effective dose by intra- 
muscular administration Absorption occurs m the 
small mtestme, but not m the stomach On intra- 
venous mjection, appreciable quantihes (12-19 per 
cent of the dose) may be excreted mto the stomach 

It IS a pleasure to express my indebtedness to Profomr 
J H Gaddum for suggesting this problem, and for 
contmued guidance and stimulating interest I am 
deeply grateful to Dr M Vogt for the valuable help and 
cnticism she has given throughout this work, and to 
Dr J Gilhes and Dr H W Griffith of the AnaestheUC 
Department, Royal Infirmary, for the facihties they 
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provided in the collection of samples from patients and 
for their help in the experiment on the consaous subject 
The rf-tubocurarme chlonde used m the animal expen- 
ments was kmdly supplied by Dr J W Trevan, Director 
of the Wellcome Physiological Research Laboratones 
Part of the expenses of this work ivas defrayed by the 
Moray Fund of Edmburgh University 
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THE PRESSOR AND DEPRESSOR EFFECTS OF CERTAIN 

SYMPATHOMIMETIC AMINES 

BY 

LEO WlSLICKJ 
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Amphetamine and its dextro-izom&r are widely 
used m obesity, m patients who are often liable to 
suffer from hypertension Methyl-amphetamine 
(methedrme) and reJaCed substances are also 
frequently given m repeated doses for their blood- 
pressure raismg effect As the pharmacological 
action of these agents becomes weaker on repeated 
admmistration, it appeared of interest to remvesti- 
gate and compare their effects 
Accordmg to Beyer (1946), the diversity of the 
response to these agents is not adequately accounted 
for by Gaddum and Itwiatowski’s (1938) theory, 
which explams the action of ephednne as being due 
to Its power to inhibit the destruction of adrenaline 
by anune oxidase The pressor effects of aromatic 
alkylammes under vanous expemnental conditions 
were therefore compared with the action of adren- 
aline and with each other 

Methods 

Cats were anaesthetized with pentobarbitone intra- 
venously or intrapentoneally, or with ether Blood 
pressure was recorded by a mercury manometer connected 
with a cannula m the caroUd artery All drugs were 
injected mto the external jugular vein Respiration was 
recorded by means of a tambour attached to the thoracic 
or abdonunal wall 

Results 

A slight increase of blood pressure after an 
injection of ephednne, racemic or </-amphetamine 
sulphate, or methednne could be observed with 
doses of 0 002 mg /kg and upwards The nse was 
usually maximal with 1 mg /kg In different animals 
the response vaned greatly both in intensity and 
duration After 0 2 mg /kg dexednne, the pressor 
effect lasted for eight mmutes in one animal, but 
It took up to fifty minutes in other cats before the 
ongmal level was reached 
This individual vanation was also present m 
spinal animals Withm the range of pressor 
responses no definite quantitative difference was 


observed between the various amines which were 
tested 

Curtis (1929), m his studies on ephednne and 
related substances, has pointed out that the dimm- 
ished response to reputed injections makes it 
impossible to compare quantitatively the effect of 
these substances in the same animal It was found, 
however, that some comparison could be made when 
small amounts of two agents were injected alter- 
nately at short mtervals When using this method 
for racemic amphetamine and its dextro-isorntr, we 
observed a gradually dmunishing pressor effect as 
if the same substance had been injected all the time 
(Fig 1) 



A * B - 0 “ 

Fio 1 — ^Blcxid pressure eftect of alternate doses of 
0 1 mg /kg racemic (A and C) and dextro- (B s.m U) 
amphetamme sulphate in a spmal cat Time 
minutes 

The small effect of repeated doses of the amines 
was followed, when injections were continued, by a 
fall of blood pressure, except with ephednne, which 
never caused such an inversion The amount of 
the sympathomimetic amine required for the 
production of such tolerance again varied indivi- 
dually Usually 1 to 3 mg /kg were necessary, 
given either in one or two doses or by injecting 
smaller amounts repeatedly (Fig 2) After some 
hours tolerance to a fresh injection disappeared and 
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Fig 2 —Blood pressure effect of repeated doses of 1 mg /kg methedrme (Nl) m a cat ‘(pentobarbitone) 
The pressor effect is marked m A, but revers^ m B and C almost 4 hours later, 0 5 ml 
adrenaline 1/100,000 (Ad) is pressor throughout Time minutes 



Fig 3 — ^Pressor effect of </ex/ro-amphetamme sulphate, ephednne, and methednne, and 
depressor effect of adrenaline in a cat (ether) Knee jerk abolished throughout Time 
mmutes Ad = 0 5 ml adrenahne 1/100,000 D, = 0 0017 mg /kg ^/-amphetamine 
sulphate Di = 0 00085 mg /kg t/-amphetamme sulphate E = 0 0018 mg /kg 
ephednne = 0 0018 mg /kg methednne M, = 0 3 mg /kg methednne 


a pressor response occurred again When large 
doses of the drugs had been given, however, an 
inverted response was observed even when several 
hours had been allowed to elapse after the first 
series of injections Atropine had no influence on 
the decreased or inverted responses 

In producing this tolerance to repeated doses the 
^'a^ous amines w'ere interchangeable , for example, 
ephednne would prevent a rise of blood pressure 
in response to a later injection of amphetamine or 
methednne and i/ce \ersa The imerted response 
after repeated injections was not influenced by 
atropine, and it was obtained in the decapitated 
cat 

While the blood pressure effects of ephednne, 
racemic amphetamine, dexednne, and methednne 
were \er> much alike, adrenaline acted differentlj 
under our experimental conditions Under pento- 
barbitone anaesthesia us pressor action persisted 


even when large amounts of other amines had been 
given (Fig 2) 

When, under ether anaesthesia, the response to 
adrenaline became depressor the other amines 
retained their pressor effect for their initial doses 
This applied both to small and large amounts of 
the substances (Fig 3) 

The pulse rate in the anaesthetized animals 
remained substantially unchanged during these 
depressor responses 

Discussion 

Both aliphatic amines and aromatic alkylamines 
have a decreased blood pressure cTect when injected 
repeatedh (tachvphylaxis) Taintcr (1929) has 
described this for ephednne, and Ahlquist (1943) 
has showTi it for various aliphatic substances with a 
sjTnpathoTumctic action Elmes and Jefferson 
(1942) injected ephednne into the anaesthetized cat 
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at hourly intervals and found the pressor effect to 
decrease gradually ^ Bum 0946) observed a similar 
effect with methednne Detnck et al (1937), 
confirming the observation for amphetamine, found 
in dogs great variabihty of the pressor response 
Pinkston et al (1939) and Pinkston and Pmkston 
(1939) state that after an initial dose of 1 mg /kg 
the magmtude of the response vaned directly with 
the dosage up to 6 to 8 mg /kg Clmical stuies by 
Myerson et al (1936) and Reifenstem and Davidoff 
(1938) stress the irregularity of pressor responses to 
amphetanune m man 

Our experiments show that m the anaesthetized 
cat 0 002 mg /kg of these ammes will usually 
produce a very shght nse of blood pressure The 
pressor effect becomes sustamed after 0 2 to 0 5 mg / 
kg and maximal with 1 mg /kg It may last for 
almost an hour after a large dose m one cat and 
for a few nunutes only in another We did not 
find that the depth of anaesthesia had much 
influence on this vanabihty 

The strength of pressor action of various agents 
can be compared m the same ammal when small 
doses are given Though tachyphylaxis develops, 
one may fed a larger or smaller pressor action 
when the respective substances are mjected at short 
mtervals of one another, but an exact companson 
could not be made AUes (1939) and Hauschild 
1940) found that racemic amphetamine and its 
dextro-isomer had the same pressor effect, while 
Swanson et al (1943) considered the /new-isomer 
to be more powerful m its pressor action f)ur own 
observations did not show any appreciable difference 
between the vanous forms of amphetanune 

That the differences of blood-pressure effects 
between vanous animals are not due to a vaned 
sensitivity of the central nervous system and, 
particularly, that they are not secondary to the 
action on the respiratory centre was shown m the 
decapitated cat Here, as well as when atropine 
had been given, the same mdmdual differences were 
observed and tachyphylaxis developed m the same 
way as in the mtact animal 

Several stages could be observed as the animals 
became gradually saturated ^vlth the drugs 

1 The pressor effect became smaller and was 
eventually absent as if an mert substance had 
been mjected 

2 A momentary drop of blood pressure was 
immediately followed by a short elevation 
resulting in a biphasic tracmg 

3 The blood pressure fell and returned to its 
onginal level sometimes quickly and sometimes 
very slowly 


However, ephednne never led to a drop in blood 
pressure, though the dumnution and eventual 
disappearance of the pressor effect developed as 
readily as m experiments with "amphetanune and 
methednne 

The depressor effect was explamed by Ahlquist 
(1943, 1944) and Jackson (1944) as being "due to 
myocardial depression In flow meter studies on 
the dog’s hmd leg, Ahlquist (1945) found that the 
depressor response was partly due to peripheral 
vaso-ddatation, and that it was similar to the dilata- 
tion after adrenaline From our observations of the 
pulse rate dunng the depressor phase, there was no 
evidence of a direct effect on the heart As the 
depression is not influenced by atropine and as it is 
also present in the spinal cat, it appears to be due 
to a vaso-dilator action m the penphery 

The pressor action of aliphatic amines can be 
blocked by repeatmg doses or by ephednne 
(Ahlqmst, 1945) The same apphes to the sym- 
pathonumetic effect of aromatic alkyl-amines 
Hence, once ephednne, amphetanune, dexedrme, or 
methednne have been given m fair doses, further 
injections will not cause a rise of blood pressure 
and may, apart from ephednne, even produce a 
depressor effect which lasts for a considerable time 

TTie effect of the anunes tested was m our experi- 
ments quite different from that of adrenahne Under 
pentobarbitone or in the spinal cat the adrenahne 
response remained pressor Likewise when under 
ether anaesthesia adrenahne acted as a depressor, 
ephednne, amphetanune, dexedrme and methednne 
had then usual pressor effect until tachyphylaxis 
developed These differences between adrenahne 
and the other sympathomimetic amines when given 
to the same ammal at short mtervals of each other 
made it clear that imder the given experimental 
conditions their mechanisms of action are not 
identical 

- It apjjears difficult to reconcile these results with 
the theory of Gaddum and Kwiatowski (1938) 
according to which adrenahne is the substance 
through which ephednne acts If this were true the 
action of adrenahne and the other sympathonumetic 
anunes would be more or less ahTce Tamter (1929, 
1933), Astrom (1948), and others have sho™ 
differences m the effect of ephedrme and other 
pressor ammes 

Tamter (1929) concluded that ephednne and 
adrenalme did not have the same seat of pressor 
action The opposite responses to the group of 
sympathomimetic ammes on the one hand and to 
adrenalme on the other shown in our exjienments 
make it likely that then modes of action are 
different 
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Beyer (1946) suggested that the action of sym- 
pathomimetic ammes might be explamed by their 
effect on the formation of adenosinetnphosphate as 
influenced by various breakdown products of 
metabohsm and by their influence on the effiaency 
wth which energy is used This would allow more 
flexibflity than would be permissible if the action of 
aU sympathomimetic amines were mediated through 
one common agent, adrenalme It would allow for 
differences between the effect of adrenaline and the 
other ammes descnbed m this paper The observa- 
tion by Govier et al (1945) that certam concen- 
trations of amines lead to an mcrease of oxidations 
while larger amounts produce an inhibition of 
oxygen uptake might help to explain their dimmish- 
mg pressor effect and the eventual reversal to a 
depressor action 

We are mdebted to Messrs Menley and James, Ltd 
for a supply of dexednne 

Summary 

1 In the anaesthetized and m the spmal cat 
racemic amphetamme and its ^/-isomer are equally 
potent in them effect on the blood pressure 

2 Ephednne differs from amphetamme, its 
isomers, and methedrme m that on repeated doses 
It does not cause a fall of blood pressure 

3 As the vanous ammes are mterchangeable m 
blockmg the pressor effect an injection of methedrme 
may result m a drop of blood pressure when either 
ephednne, amphetamine, or methedrme itself has 
been given beforehand m fair dosage 


4 None of these effects is influenced by atropme 

5 The pressor effect of adrenaline persists 
mdependently of the changes m the action of the 
other ammes When, under ether, adrenalme is 
depressor the other ammes have a pressor effect 
Under pentobarbitone and m the spmal cat 
adrenahne still raises the blood pressure when, 
through repeated injections, ephednne has lost its 
effect and amphetamme and methedrme have 
become depressor agents 
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Spadolini and Domini (1940) were the first to 
show that mmute doses of acetylcholine may 
stimulate the isolated heart of the gumea-pig and 
they suggested that this action might be due to a 
release of adrenaline in cardiac tissue Hofifinann, 
Hoffmann, Aliddleton, and Talesmk (1945) and 
Haney and Lmdgren (1946) have shown that 
acetylcholine may have a stimulant effect on the 
heart of the cat or dog after the admmistration of 
atropme, and McDowall (1946) has further shown 
that small doses of acetylcholme may stimulate 
the cat heart untreated with atropine Dawes 
(1946) and de Elio (1947) have shown that acetyl- 
chohne reduces the refractory penod of the iso- 
lated dnven auricle of the rabbit, and Wedd and 
Blair (1946) have demonstrated the direct nature 
of this effect on nerve-free tissue from the ventncle 
of the turtle Recently Bum and Vane (1949) and 
BUlbrmg and Bum (1949) have reviewed the litera- 
ture concemmg this subject and as a result of 
studies of the effect of proguanil and of fatigue 
on the isolated rabbit auncle have suggested that 
acetylcholme may play a dual role in the heart 
Synthesis of acetylcholme proceeds in the contrac- 
ting auricle , addition of acetylchohne to produce 
a concentration above the normal amount present 
m the tissue causes inhibition of contraction If 
the muscle is depressed addition of acetylcholme 
from without may bring the concentration up to 
the threshold for normal funchonmg and brmg 
about stimulabon of the heart 
The relationship between the concentration of 
potassium ions m a tissue and the effects thereon 
of admmistered acetylchohne is a close one In 
the perfused frog heart mcrease or decrease of 
potassium m the perfusmg fluid (with appropriate 
control of the pH, salme content, temperature, 
etc ) reduces the activity of the heart, makes the 
rhythm irregular and modifies the response to 
acetylchohne Similarly mcrease or decrease of 
K modifies the contraction of the isolated rabbit 
auncle 


Experimental 


It was decided to test the effect of modification 
of the lomc content of potassium on the response 
of the rabbit auncle to added acetylcholme The 
beat of the isolated rabbit auncle was recorded as 
usual at 27° C in powerfully oxygenated Locke 
solution with double the normal concentration 
of glucose At suitable mtervals this fluid was 
replaced by a modified Locke solution containing 
half or one and a half the normal amount of 
potassium The pH was measured and adjusted 
if necessary by modifying the bicarbonate content 
to give pH 8 2 

_ The addition of 025 pg acetylcholme m a 75 ml 
bath may produce a prehmmary stimulation of the 
auncle of small extent (Fig 1 a and b) followed by 
inhibition In some specimens this inhibition is 
not so transient (Fig 1 c) but frequently there is 
either no effect from addition of such quantities 



( 1 — ^Isolated rabbit auncle in normal Locke 
at 27° C (a) and (6) show transient 
after adding 0 25 Mg acetylcholme to the 75 mi 
bath (c) shows a longer stimulation after the 
amount of acetylchohne (d) shows mhibiUon after 
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of acetylcholine or a pure inhibition The tendency 
to preliminary transient stimulation develops as 
the preparation gets older and has been seen m 
mne out of 47 auncles after two hours beatmg 
In four specimens it was apparent after one hour , 
it was also seen m two auncles (excluded from the 
series) which would not beat until "they had been 
treated with 100 /ig acetylchohne followed by 
washing after a few mmutes Addition of larger 
quantities of acetylchohne ( 1 Mg or more) causes 
inhibition of the activity of these preparations, 
which may be interrupted by a few beats more 
powerful than normal (Fig 1 d) Increase of the 
potassium in the nutrient fluid abohshes this early 
stimulation with small quantities of acetylcholme, 
which now have no effect on the heart, or inhibit it 
li the amount of K is lednced the angmeutoT 
response to added acetylchohne is enhanced m 
those preparations which show this effect Quanti- 
ties of acetylchohne which, m normal Locke solu- 
tion, previously or subsequently caused a moderate 
inhibition of the contraction for a prolonged 
penod might now cause a preliminary stimula- 
tion followed by a sharp but transient inhibition, 
and frequently a prolonged phase of mcreased 
activitjf (Fig 2 a) These effects can be repeated 
with considerable regulanty in those preparations 
which show the phenomenon (37 out of 45 tests) 
and are in contrast with the usual action of acetyl- 
choline on the isolated auncle m normal nutrient 
fluid (Fig 2 c and d) 

“(a) (t) (C) U) 
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Fig 2 — Isolated rabbit auncle (a) and (fe) show the 
effect of adding 1 0 jig and 5 0 /ig of acetylchohne 
respccuvcly, without any wash between, to Locke 
solution containing half the usual amount of 
potassium (c) and (tf) as m (a) and (6) but m 
normal Locke solution For descnphon see text 


Discussion 

If isolation of the auncular tissue in Locke 
solution brmgs about a state of fatigue and some 
loss of activity m the muscle, and thus a diminu- 
tion of synthesis of acetylchohne, addition of a 
small quantity of acetylcholme will bring the 
amount of this substance up to the optimal value 
and cause stimulation of the contraction This 
sequence of events is seen m isolated auricles 
which develop the power of respondmg to small 
amounts of added acetylcholme by mcreased 
activity, after the preparation has been up for 
some time Many specimens never show this 
property but the same or a similar phenomenon 
IS shown by auricles which have ceased to beat 
from fatigue and which can be restarted by addi- 
tion of larger amounts of acetylcholme, with or 
without washmg (Bdlbrmg and Bum, 1949) , and 
by auncles which are mhibited from the begm- 
mng, perhaps as a result of rou^ handlmg, and 
which begm to beat after the addition of relatively 
large doses of acetylcholme, followed by washmg 
out Reducing the activity of the muscle by 
increasing the potassium content does not bnng 
about a state of affairs m which acetylcholme 
causes stimulation Reduction of the potassium 
content on the other hand not only modifies the 
activity of the muscle but also alters the response 
to acetylchohne, so that amounts of this substance 
which previously caused inhibition now cause 
stimulation Rapid alterations of the response 
between stimulation and depression may be seen 
(Fig 2 a) at certain concentration levels of acetyl- 
chohne, whereas at higher levels pure depression 
IS observed (Fig 2 b) It may be that an optimum 
level of potassium is necessary for optimal syn- 
thesis of acetylcholme, or for the mhibitory 
response of the muscle to it The nature of the 
response to added acetylcholme would then depend 
on the condition of the muscle, especially as to 
Its potassium content, and on the amounts of 
acetylcholme produced in the muscle and applied 
to It externally, as Bum and Vane suggest Potas- 
sium would appear to play as intimate a role m 
the positive as in the negative response of cardiac 
tissue to acetylcholme Accordmg to JequitSr, 
Plolka, and Petergalvi (1948) the connexion 
between K and -acetylcholme synthesis may he m 
the relation between K and degradation of glucose 

Summary 

Low concentraUons of acetylcholme (3x10-®) 
may cause a transient stimulation of the isolated 
rabbit auncle contracting m Locke solution 
Higher concentrations mhibit iL 
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Relative lack of potassium causes doses of 
acetylcholine, which previously caused a shght 
transient stimulation, to cause a much larger 
prelimmary stimulation, and some doses which 
previously inhibited, to stunulate 
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Inhalation of aerosols is now widely used in the 
treatment of bronchial asthma Numerous sub- 
stances are employed, of which 'adrenahne and its 
related compounds are the most powerful spas- 
molytics The relief afforded is so strikmg (though 
often temporary) that numerous preparations and 
nebulizers are bought by the pubhc, very often 
wthout medical advice or supervision 

In these circumstances it appears important to 
know whether inhalation of these compoimds may 
be harmful to the mucous membranes of the air 
passages Galgiam et al (1939) found that inhala- 
tion of 1 per cent adrenahne m rabbits and cats 
caused damage to the mucous membranes of trachea 
and bronchi Their results are partly supported by 
earher findmgs of Fox (1931), who sprayed the nas^ 
membranes of rabbits with 1/1000 adrenaline and. 
found a mucopurulent discharge 
Very recently Kopropylnoradrenahne* (aleudrme) 
has become available This substance is easily 
absorbed from the mucous membranes of mouth, 
pharynx, and the other air passages, and its spas- 
molytic action appears to be very strong (Herx- 
heimer, 1948) and more powerful than that of 
adrenaline (Konzett, 1940) Our paper does not 
deal with the therapeutic ments of isoptopylnor- 
adrenahne, but as its widespread use can be anti- 
cipated It seemed of importance to mvestigate 
whether such damage as has been stated to occur 
after the use of adrenalme would be caused also by 
this substance 

Method 

T%\el\e rabbits were used They inhaled an aerosol 
w hich was produced by connecting one of the commercial 
glass inhalers to a compressed air cylinder A steady 
pressure was maintamed from this cylinder, which caused 
a fine aerosol cloud to flow contmuously from the nozzle 
of the inhaler Over this nozzle a closely fittmg plastic 

•This substance vi-as caQcd “ isopropjTadrenalme” by Konzett 
( 19-,0), but smce it does not contain the Is-mcthyl group of adrenaline 
It should be called tiopropylr oradrcnal ine — Edtior% 


mask was fixed which was pressed over the rabbit’s head , 
the aerosol jet issumg from the nozzle was duected 
straight against mouth and nostrils of the rabbit and 
filled the mask, escaping at its upper end Mouth and 
nose of the rabbit were thus completely and contmuously 
surrounded by the aerosol That it actually breathed the 
aerosol could be seen from the fact that the vapour 
escaped from the mask m the breathmg rhythm of the 
animal When the animal breathed out the cloud 
mcreased strongly, and decreased dunng mspiration 
The concentration of isopropylnoradrenahne used by 
one of us (H H ) for treatment of asthma is usually 
1 per cent, if it is nebulized by pressmg the rubber ball 
of a hand inhaler If a mechamcal device, like an air- 
pressure pump or compressed air cyhnder, is used, as 
httle as 0 25 per cent is effective, as much more inhalant 
is breathed than with a hand inhaler For this reason 
we started our experiments with^B 0 25 per cent solution, 
nebulized by compressed au, which was inhaled for 
10 mmutes every day The twelve rabbits were divided 
mto three groups of four One group inhaled pure 
aleudrme, one group aleudnne to which 0 2 per cent 
sodium metabisulphite had been added as a stabilizer, and 
the thud group inhaled physiological sahne In each 
group one drop of glycerme was added to 2-3 c c of 
the solution to delay 'evaporation and to make the 
aerosol easfly visible 

All the rabbits were treated m this way for 30 days, 
then one rabbit of each group was killed by a blow on 
the head The remamder contmued as before for a 
further 5 days Then another rabbit of each group was 
killed The remammg rabbits were treated with 0 5 per 
cent aleudrme (or salme) for 22 days Then a third 
rabbit of each group was killed Only one rabbit of 
each group now remamed They were subjected for 
16 days to 1 per cent aleudrme aerosol except the rabbit 
m the control (salme) group 

When the rabbits were killed, the trachea was quickly 
excised, opened longitudinally, put m a bath of Rmger- 
Locke at 39” C , and pmned ivithout stietchmg on to a 
cork A mmute drop of mdia ink was then dropped 
on to the mucous membrane half an inch below' the 
cncoid cartilage and its movement towards the larynx 
(due to the action of the cilia) was watched The speed 
of the movement over 0 5 cm was measured with a stop- 
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watch This method of estimating the action of the ciha 
descnbed by Hdl (1928) did not prove very rehable 
Sometimes movement was very strong in one part of the 
trachea but not in another, sometimes it was so weak 
that the india mk travelled only 2 or 3 mm In many 
cases, however, a speed of about 1 cm per 50-70 sec 
was seen, and there were no differences between the 
three groups Weak movement was observed also in 
the control group 

Trachea and lungs were then fixed in 10 per cent 
formol-saline and prepared for histological examination, 
after embedding in paraffin wax Sections were stained 
with Ehrlich’s Acid Haematoxylin and Eosm, with 
Heidenham’s Iron Haematoxyhn, and with Mayer’s 
mucicarmine stam 

Results 

The result of the expenments with ciliary move- 
ment has already been mentioned All the rabbits 
showed steady gam m weight throughout the 
expenmental period Histological exammation 
showed no difference between the three groups 
The cihated epithelium was normal There was no 
destruction or metaplasia of cihated epithelium m 
trachea or bronchi and no polymorphonuclear 
mfiltration of epithelium or submucosa The goblet 
cells, stamed by mucicarmme, were found m 
approximately similar density m aU three groups 
As compared with three rabbits not exposed to the 
inhaler, mucous activity m the trachea of the 
experimental animals w^ shghdy increased 

Discussion 

There is a striking contrast between our negative 
results and the positive results of Galgiani et al 
with adrenaline, apphed twice daily by pressing a 
hand inhaler 10 times They used therefore an 
amount of inhalant considerably smaller than that 
used m our experiments fiunng one period of 


inhalation (10 squeezes) they removed 8 mg of 
fluid from the inhaler, whereas m our experiments 
of 10 mmutes duration between 600 and 800 mg 
were aerohzed, the variations being caused by the 
slight difference in the syphon of the inhaler and of 
the pressure used This does not mean, of course, 
that this amount has been inhaled by the ammals 
Only a small fraction of it can have been mhaled 
and still less absorbed 

Of Galgiani’s animals (rabbits and cats) exposed 
to the vapour, 4 died prematurely after 6 to 34 days 
Two of these sliowed inflammatory^ changes m the 
respiratory tract Another aniir^ died on the 
117th day of pneumonia and empyema Five 
remaimng animals were kflled after varying periods 
of time Two of them showed loss of cilia and three 
showed mucopus in the bronchi without histological 
changes Of the 4 control animals two showed 
mucopus in the bronchi and a third died with 
evidence of bronchopneumoma and bronchitis It 
must therefore remain doubtful whether this result 
has sufficient weight to prove a harmful action of 
adrenaline or of the sodium bisulphite which Galgiam 
et al used as stabilizer In our experiments, sodium 
metabisulphite did not produce any changes 

Our experiments show that aleudnne m thera- 
peutic concentrations is not harmful to the mucosa 
of rabbits Whether adrenaline produces harmful 
results remains an open quesbon 
1 

We are indebted to Mr T West for assistance in 
handhng the annuals and for thehistological preparations 
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THE AMOUNT OF NICOTINE ABSORBED IN SMOKING 

BY 

H W LING AND C B WYNN PARRY 
From the Department of Pharmacology; Oxford 

(Received September 23, 1948) 


The work which has been earned out m this 
laboratory on the effect of smoking during diuresis 
(Bum, Tmelove, and Bum, 1945, Walker, 1949) 
has made it necessary to determme the amount of 
mcotme absorbed m smokmg cigarettes A few 
estimates have been pubhshed by different workers 
These estimates have been made by chemical 
methods, and the figures vary Bogen (1929) stated 
that the amount was between 0 2 mg and 6 5 mg 
per cigarette, according to the rate at which the 
cigarette was smoked Schnedorf and Ivy (1939) 
also give the figure 0 2 mg , but Sollmann (1948) 
states that under average conditions the amount of 
mcotme entenng the mouth from a cigarette ranges 
from 18 to 8 5 mg , and the amount absorbed 
ranges from 1 4 mg to 3 3 mg 

Storm van Leeuwen (1918) estimated the amount 
of mcotme m cigar smoke, usmg the blood pressure 
of the spmal cat lie obtamed figures from 1 6 to 
4 25 mg per g of cigar or 8 0 to 20 mg*^ for an 
average cigar 

It IS true that cigarettes can be smoked at very 
different rates, and it is hkely that the amount of 
mcotme entenng the mouth will vary considerably 
according to the rate In practice, however, 
cigarettes are smoked at a rate which is about the 
same for the majonty of individuals, and it should 
be possible to determme the mcotme within narrower 
limits than those just given 

The work desenbed in this paper consists of two 
mdependent investigations, one earned out by 
H W L m 1935, and the other by C B W' P m 
1948, each using the same general method Since 
the results of the two investigations are very similar, 
they are probably a better guide to the amount of 
nicotine entering the mouth in smoking than are 
the results given in earlier work The mcotme was 
estimated biologically on the blood pressure of the 
spinal cat 

Ordinary brands of cigarettes were used in both 
mvcstigations, and a few estimations of cigar and 
pipe tobacco were also made by C B W P 


Method 

The cigarettes, cigars, or pipe were fixed in a holder 
attached to one side of a long glass U-tube, each arm of 
which was 50 cm long and of internal diameter 1 cm 
The tube was immersed m a large jar of cold running 
water, and the other arm was attached to a 500 c c 
filter flask, which in turn was attached to a weak suction 
pump A T-piece was inserted between the flask and the 
pump, and when the arm of the T-piece was open, the 
pump sucked air in through this open arm, when the 
arm of the T-piece was closed, air was sucked in through 
the U-tube A weighed cigarette was inserted in the 
holder, and when the arm of the T-piece was closed it 
was easy to light the cigarette When the U-tube was 
full of smoke the side arm was opened and suction ' 
ceased The cigarette conunued to bum gently in the 
air as It would if a person were holdmg it Aspirations 
were then continued to simulate as nearly as possible the 
smoking of a cigarette, that is to say taking about 
10 minutes to smoke the cigarette, so as to leave a stub 
of about 1 cm The smoke condensed for the most part 
in the U-tube, any small excess being trapped m the 
filter flask 

To prepare each extract of cigarette smoke, 5 cigarettes 
(about 5 g of tobacco) were smoked m succession in the 
apparatus An extract of cigar smoke was obtained 
from one cigar (average weight 5-6 g ), and pipe tobacco 
smoke from 6 g tobacco The time taken for the 
smoking was suitably adjusted 

The U-tube and flask were washed out with A/10 
hydrochlonc acid to dissolve the deposit, and the extract 
was filtered It was then made alkaline with KOH and 
extracted with ether The ether extract was poured into 
an evaporating basin and left overnight The solid 
deposit was dissolved in 1 per cent tartaric aad (a few 
drops of alcohol assisted the process) It was then 
filtered and estimated The estimations were made by 
companng the nse of blood pressure of the spinal cat 
obtained after injecting doses of the extract with the nse 
obtained after injecting known doses of nicotine acid 
tartrate The dose required and the time interval 
between injections vaned in diflerent cats A dose of 
nicotine and tartrate between 0 5-1 0 mg was usually 
suitable, and a time interval of 5-7 mm was usually 
suffiaent to avoid a decrease in sensitivity 
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This was the method used by H W L , and the method 
of C B V/ P was essentially the same There were two 
modifications m the later work Firstly, a set number of 
aspirabons, namely 12, were made m ten mmutes for each 
agarette, and, secondly, the extract after being made 
alkalme ivas extracted five times with ether It is 
possible that a more thorough extraction with ether 
accounts for the shghtly higher figures obtamed by 
C B W P 


C Pipe tobacco 

Four extracts of 6 g each pipe tobacco w^ estimated 
The results were 

(fl) 2 mg mcotine per g tobacco 
ib) 2.75 mg „ „ „ „ 

(c) 3 0 mg „ „ „ „ 

{cf) 3 0 mg ,, >» )» ^ 

Mean = 2 69 mg „ „ „ „ 


Results 

1 Obtained by H W L in 1935 
A Cigarettes 


Each agarette weighed approx 1 g 



Number of | 

Amount of 

Brand 

cigarettes used to 

mcotme (base) 


prepare extract 

per agarette 

Players 

5 

0 66 mg 

Wills Gold Flake 

10 

0 75 mg 

l> >> 

10 

1 

0 7 mg 


B Cigarette tobacco 
Wills Gold Flake, 0 6 mg per g tobacco 

C Qgars 

2 Marcella agars, 3 8 mg per agar (each approx 5 g ) 


2 Obtained by C B W P in 1948 
A Cigarettes 


Brand 

i 

Number of 
agarettes used to 
prepare extract 

Amount of 
mcotme (base) 
mg 

per agarette 

Players 

5 

0 83 


1 5 

08 


1 5 

0 94 


5 

1 00 

)» 

5 

08 

State E.xpress 555 

5 

0 72 


5 

1 00 


5 

0 98 

>» >* 

5 

1.20 


Mean 

0 92 


B Cigars 

(o) 3 6 mg per agar (weight about 5 g ) 
(6) 6 26 mg per agar 

(c) 5 0 mg per agar 

(d) 7 9 mg per agar 
(c) 5 0 mg per agar 


Discussion and Summary 

The results show that m two mdependent investi- 
gations made at a time mterval of 13 years the 
amount of mcotine found to be deposit^ m the 
smoke from well-known brands of cigarettes was of 
the same order The war period has certainly not 
led to any diminution m the mcotine content If 
all the results are considered, a figure between 
0 6 mg and 1 0 mg per cigarette or per gramme 
tobacco IS obtained The cigars yielded between 
3 6 mg and 7 9 mg per cigar, or 0 7 mg -1 6 mg 
per g tobacco The pipe tobacco yielded between 
2 and 3 mg mcotine per g tobacco This figure for 
pipe tobacco is higher than the figures for either 
cigarettes or agars 

These figures give the amount of mcotine entenng 
the mouth, of the smoker The proportion of 
mcotme absorbed into the circulation depends on 
the extent to which the smoker inhales, for mcotine 
m the smoke entenng the alveoh is mostly absorbed 
Absorption must also occur to some extent in the 
mucous membranes of the mouth, nose, and throat, 
for smokmg without conscious inhalmg raises the 
pulse rate and the blood pressure Bum, Tmelove, 
and Bum (1945) descnbe an expenment in which 
the same mdividual drank 1 litre of water on two 
occasions The diuresis was then recorded by 
coUectmg unne at 15 nun intervals The anti- 
diurehc effect of smoking 1 cigarette was of shorter 
duration than that produced by the mtravenous 
mjection of 0 5 mg mcotme (base) Thus, although 
the smoker mhaled, less than 0 5 mg mcotme (base) 
\vas absorbed mto the circulation from one cigarette 
It can, therefore, be concluded that, while the 
amount of mcotme from one cigarette entering the 
mouth IS about 0 9 mg , the amount absorbed is 
about 0 4 mg or less 
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EFFECTS OF SOME 75OTHIOUREA AND GUANIDINE SALTS 
ON VARIOUS PREPARATIONS OF SMOOTH 
AND STRIPED MUSCLE 

BY 

F N PASTIER* 

From the Department of Pharmacology Oxford University 
(Received July 4 1949) 


In seeking pressor agents of new types, Smirk 
(1941) was led to test the fairly well known orgamc 
chemical methyl /jothiourea sulphate He found 
it capable of producing large persistent rises of 
blood pressure m anaesthetized animals Accor- 
dmg to McGeorge, Sherif, and Smirk (1942), the 
nses of blood pressure are brought about mainly 
if not entirely through a direct action of methyl 
wothiourea on blood vessels , and this action is 
not sympathomimetic They stats that the pressor 
action was hardly affected by the anti-adrenalinc 
compounds, ergotoxine and F933 Methyl iso- 
thiourea, unlike adrenahne, tended to increase 
the tone of isolated muscle strips from rabbit 
intestine, bladder, and uterus 

Certain of its chemical relatives have been 
found to behave similarly the pharmacological 
properties of methyl ij-othiourea are reproduced 
with most fidelity by amidine derivatives hke ethyl 
wourea and guamdine salts which ionize freely to 
yield cations of small size (Pastier and Smirk, 
1943 and 1947 , Pastier, 1948) It would appear 
that pressor analogues of methyl /jcithiourea need 
have nothing more in common with it structurally 
than the amidine group 



Now histamine contains this group Moreover, 
it IS known that histamine too causes the contrac- 
tion of most kinds of smooth muscle irrespective 
of the innen-ation The possibility that amidme 
denvatives like methyl isothiourea and guanidine 
produce some of their more characteristic 
pharmacological effects through simulating actions 
of histamine has therefore appeared worthy of 
investigation 

Other expenments reported below were sug- 
gested by a much older idea — one which goes 

• Belt Mcmorjil FcIIo« 


back to Fiihner (1908), who compared the action 
of guanidine on striped muscle to that of a 
univalent alkali metal cation He pointed out 
that the effects of both are antagonized by such 
divalent cations as calcium Similar observations 
on the interaction of calcium and guanidine have 
been published by a number of workers (Major 
and Stephenson, 1924 , Ochoa, 1928 , Minot, 
1931 , Burns and Seeker, 1935 , Harvey, 1940) 
Minot, Dodd, and Riven (1938) express what is 
probably a widely held view when they write 
“ It IS possible that guanidine exerts its action on 
muscles through changes in the effect of inorganic 
salts ” For this reason, the effect of changes in 
calcium or in potassium ion concentration on the 
response to typical amidme derivatives has also 
been studied 

Methods 

Rabbits’ ears were perfused at room temperature 
with Rmger-Locke solution kept at a constant head 
of pressure by means of a Manotte bottle (Kravkov- 
Pissemski preparation) The venous outflow was 
measured by the method of Stephenson (1948) 
Amidine denvatives were injected as salts in neutral 
solution The isothioureas tested were some of those 
specially synthesized for this series of investigations 
Samples of guanidine hydrochlonde, methylguamdine 
sulphate, and asj'm-dimethylguanidine sulphate were 
obtained from commercial sources, as were also such 
drugs as “ Pnscol ’ and (/-tubocurarine chlonde 

Isolated stnps of rabbit or guinea-pig ileum and 
utenne horns of non-pregnant rats were set up m an 
ordinary organ bath of 100 ml capacity The Ringer- 
Tyrode solunon in the bath was aerated with oxygen 
containing 5 per cent carbon dioxide 

The bronchiole preparation employed was that of 
Konzett and Rbssler (1940) Female guinea-pigs of 
500-600 g weight were deeply anaesthetized by inject- 
ing urethane intrapentoneally Cannulae w'ere m- 
serted into a jugular vein and the trachea The lungs 
were insufflated with a small Starling respiration pump 
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at each stroke of which the excess air from the pump 
was dnven into a float recorder When the bron- 
chioles were constricted the average level of the 
marker was raised (see Fig 3) ' 

Rectus abdominis muscle was taken from winter 
frogs (Rana temporaria) Each piece was suspended 
in a 5 ml bath through which air was bubbled slowly 
Isotonic contractions were recorded with a gimbal 
lever The Ringer solution used contained 0 7 g 
NaCl, 0 014 g KCl, 0 012 g CaCl , and 0 02 g 
NaHCOj per 100 ml Acetylcholine was added in 
known concentration (usually a 1 in 2,000,000 solu- 
tion) replacing the ordinary Ringer solution of the 
bath for a period of 90 seconds The muscle strip 
was washed two or three times after each dose of 
acetylcholine The interval between doses was kept 
at 5 minutes 

The lat. diaphragm piepaiahon was set up as speci- 
fied by BUlbnng (1946) At first the bath temperature 
was kept at 39° C , but later a temperature of 28° C 
was chosen as more suitable Drug solutions were 
added directly to the bath A square wave ’ stimu- 
lator was employed , its construction permitted the 
amplitude duration, and frequency of the shocks to 
be vaned independently The nerve was stimulated 
in the fluid from platinum contacts 

Experiments on cat gastrocnemius muscle were per- 
formed on animals under chloralose anaesthesia The 
muscle was stimulated via the sciat c nerve with con- 
denser shocks strong enough to give a maximal re- 
sponse Contractions were recorded by attaching a 
stout wire from an isometric lever which wrote on a 
slowly moving drum to the lower end of the tendo 
Achillis The central attachment of the muscle had 
previously been fixed firmly in position by clamping 
a steel rod driven through the condyles of the left 
femur Drug solutions were forced into the left iliac 
artery through a cannula whose tip lav just below the 
bifurcation of the aorta 

Results 

Effects on smooth muscle preparations 
Perfused rabbit ear 

Methyl tsothiourea was tested on eighteen per- 
fused ears A dose of 0 1 ml of an M/ 5,000 
solution brought about definite vasoconstriction 
(Fig lii) in SIX of eight expenments Strong vaso- 
constnction was caused in all of seventeen ears by 
injecting 0 1 ml of an M/ 1,000 solution When 
0 1 ml of an M/100 solution was injected, its 
effect was intense 

Smaller \asconstnctor effects were obtained as 
a rule when as^m-dimethylguanidine was given in 
corresponding amount Guanidine itself was less 
actixc still 

Effect of ‘ Priscol — In ten expenments 
benzjhminazoline (‘ Pnscol ’ ) hydrochlondc was 
perfused as a 1 5,000 solution in Ringer-Locke 


after control injections of methyl uothiourea and 
of adrenaline had been given Within a few 
minutes the response to even a large (0 1 /ig ) dose 
of adrenaline was “ reversed ” Nevertheless, vaso- 
constnction was still brought about when methyl 
ijothiourea was injected (Fig Id) Its action did 
not seem to be affected appreciably by the pnscol 
nor did that of guanidine or of asym dimethyl 
guanidine 



Fio 1 — Perfused rabbit ear preparation Upper 
traemgs show the normal effect of {a) adrenaline 
(0 01 fxg at ADR) and (b) methyl /jothiourea (0 i mi 
of M/5,000 at S-Me) Lower tracings show me 
effect of (c) adrenaluie (0 1 jig at 
methyl /jothiourea (0 1 ml of M/5,000 at S-Mc) a 
a 1 5,000 solution of pnscol has been pertusea i 
about ten minutes 


Effect of " Anthisan — Unlike pnscol, the a^i- 
histamine compound N - p - methoxybenzyl - - 

dimethylaminoethyl -a- aminopyndine ( An ' 
san ’ ) maleate antagonized the vasoconstnetor 
response to methyl isothiourea in concentrations 
which left the blood vessels still fairly responsive 
to adrenaline In all of seven experiments it soon 
diminished the response to a test dose of rnet y 
irothiourea when perfused in M/ 1,000 solution 
(Fig 2) Ultimately even so large a dose as 
0 1 ml of M/10 methyl uothiourea failed to 
produce vasoconstnction Slight vasodilatation 
was obtained occasionally with the irothiourea, 
but there was nothing comparable to c 
“ reversal ” seen with adrenaline after priscol 
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Fig 2 — Perfused rabbit ear preparation Methyl 
isothiourea sulphate (0 1 ml of M/100 gi\en at the 
arrows) Its effect is practically suppressed when 
anthisan (M/1 ,000) is added to the perfusing Rmger- 
Locke solution Even a very large dose of methyl 
isothiourea (0 1 ml of M/IO at the dot) produces 
hardly any s'asoconstnction 

Anthisan in this amount was found to antago- 
nize the vasoconstrictor action of adrena'ine too, 
although not so completely , vasoconstriction 
could still be produced m response to a large 
(2 /xg ) dose of adrenaline at a time when the 
effect of even a I mg dose of methyl isothiourea 
was quite suppressed Sensitivity to methyl iso~ 
thiourea was verv slowly restored when ordinary 
Ringer-Locke solution was perfused again in place 
of the anthisan solution 

Isolated gut 

Slight but definite antagonism between anthisan 
and methyl rsothiourea was also noticed in organ 


bath experiments with guinea-pig ileum Methyl 
/sothiourea tends to increase the tonus of the strip 
when it IS added to make a bath concentration of 
M/ 10,000 or higher This effect was found to be 
suppressed more or less completely when anthisan 
was given before the jsothiourea in concentrations 
of M/ 10,000 and upwards 

TTie tonus-increasing action of meihyl iso- 
thiourea on isolated rabbit ileum was not 
much impaired by a concentration of atropine 
(M / 10,000) sufficient to render the muscle msensi- 
tive to even large amounts of acetylcholme When 
guinea-pig ileum was used in place of rabbet ileum, 
how'ever, it was found that this same concentra- 
tion of atropine greatly reduced the response to 
a test dose of methyl isothiourea 

In the presence of methyl isothiourea the 
response of guinea-pig ileum to a test dose of 
histamine may be increased or decreased, accor- 
ding to the conditions employed A decrease was 
always obtamed W’hen the dose of wothiourea was 
of Itself sufficient to produce a considerable nse 
in tone Higher homologues like n-butyl and 
«-heptyl i^othiourea were found to exert a much 
stronger spasmolytic action, dose for dose A 
slightly mcreased response to a small dose of 
histamine w'as seen occasionally with sUghtly 
smaller concentrations of methyl /jothiourea (of 
the order of M/ 10,000) Potentiation of the 
response to histamine by methyl wothiourea was 
observed quite regularly when the stnp had first 
been rendered moderately insensitive to histamine 
by treatment w'lth anthisan In these circum- 
stances, doses of methyl is-othiourea or of asym- 
dimethylguanidine which had little effect them- 
selves on muscle tone increased appreciably the 
response to a test dose of histamine 


TABLE I 


EFFECTS OF 150TH10UREAS UPON THE BRONCHOCONSTRICTOR RESPONSE TO HISTAMINE 


Substance 

1 

Dose 

No of exps m which histamine response was 

Increased j Unchanged 

1 Decreased 

Mcthjl /jothiourea 

JJ *» 


1 5 1 4 

1 4 j 4 


^-Hexjl ,, 

1 0 1 ml „ 

! 025ml ,. 

1 

1 

i 

1 

3 

1 

/i-Hept>l 

0 1 ml 

0 25 ml „ I 

! 

' 1 

! 1 

j 2 

! 3 

Tctramethylenc di-isothiourca ' 0 1 ml M/20 j 1 

.. ,, 0 25 mi ,, 1 

2 j 

1 ! 

1 

2 
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Gumea-pig lung preparation 

Slight transitory bronchoconstnctor responses 
Nvcrc produced in the following experiments by 
injecting small test doses of histamine acid phos- 
phate (2-10 pg jkg) at regular intervals of five 
minutes or more The response to histamine was 
altered by various irathioureas as indicated in 
Table I In about half the experiments performed 
with methyl uothiourea the bronchoconstnctor 
effect of histamine was definitely potentiated 
(Fig 3) , It was never reduced However, higher 



Fig 3 -Guinea-pig lung preparation The bronchoconstnctor 
effects were produced by 10 doses of histamine and 
phosphate injected at 10 min intervals The response 
to histamine is increased after a dose of methyl iso- 
thiourea (0 I ml of an M/IO aqueous solution of the 
sulphate) 


effect at all , sometimes there appeared to be slight 
stimulation More definite evidence of stimula- 
tion was obtained with /i-butyl uothiourea In 
four of six expenments a bath concentration of 
M/2,000 caused a shght increase in the tone and 
motility of the strip 

Effects on striped muscle preparations 
Isolated frog rectus abdominis muscle 

In ten successive experiments the addition of 
methyl wothiourea (M/500) to the test dose of 
acetylchohne resulted in an enhanced 
response of the muscle The uothiourea 
alone did not increase muscle tone in four 
control experiments, but its potentiating 
activity became manifest in these too when 
the Ringer solution containing methyl iso- 
thiourea sulphate was replaced by the test 
solution of acetylcholine 
Potentiation of the response to acetyl- 
choline was also observed regularly in 
expenments with ethyl uothiourea and with 
usy/n-dimethylguamdine On the other hand, 
the long-chain amidine derivative n-hexyl iso- 
ihiourea was found to antagonize the action of 
acetylchohne even in a dilution of M / 5,000 


homologues usually produced anti - histamine 
effects when given in the same range of doses 
Sometimes the effect of histamine was reduced 
by as much as 60-80 per cent 

Methyl ijothiourea had no distinctive effect per 
se , exceptionally it caused slight bronchoconstric- 
tion In two of the experiments with n-heptyl 
isothiourea there was considerable broncho- 
constnction after its injection Unfortunately the 
interpretation of some of these results was made 
difficult because spontaneous respiratory move- 
ments were resumed soon after the uothiourea 
was injected In most instances the compounds 
had no direct effect on the bronchioles 

hohiiCd rat uterus 

It was confirmed that histamine has an inhibi- 
tory action on non-pregnant rat uterus It should 
be added, however that doses of the order of 
1-5 «g /ml were required to demonstrate any 
effect, although the horns were quite sensitive to 
adrenaline and acetylcholine 

Methyl i5othiourea was tested several times on 
each of eight preparations in concentrations of 
from M/ 10,000 to M/2 000 Usually it had no 


Rat phrenic nerve-diaphragm preparation 
An enhanced response to a short-acting 
(0 5 msec ) electneal stimulus — a slightly 
supermaximal shock given indirectly every 10 
seconds — was obtained regularly after the injection 
of an M/10 solution of one of the following salts 
into the 100 ml bath guanidine hydrochloride 
(0 5-2 0 ml ), mefhylguanidine sulphate (0 5-1 0 
ml ), methyl isothiourea hydrochlonde and sul- 
phate (0 2^1 0 ml ), and ethyl isothiourea hydro 
bromide (0 25-0 5 ml ) The phenomenon was 
seen almost immediately after the addition of 
methyl or ethyl isothiourea, but not for some 
minutes after the addition of guanidine or of 
osy/ii-dimethylguanidine 

Potentiation after methyl isothiourea was still 
observed in expenments in which a longer-acting 
electneal stimulus (35 msec — the maximum for 
the instrument) was applied or in which the rate 
of stimulation was ten times faster 
The higher homologues /i-butyl and n-hexyl i-ro- 
thiourea reduced the amplitude of the twitch when 
added in the same range of doses as methyl iso- 
thiourea Transitional behaviour was displayed 
by ii-propyl isothiourea whereas moderate con- 
centrations (M/2,000-M/500) somewhat increased 
the amplitude of the twitch, higher concentrations 
decreased it 
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Interaction with d-tiibocurarine — A dose of 
1 /ig /ml of (f-tubocuranne chlonde was found 
sufficient to curarize the preparation , the muscle 
could now be made to contract only by stimu- 
lating It directly Given at this point guanidine 
(M/500) increased considerably the contractions 
brought about by direct stimulation, but indirect 
stimulation indicated that this potentiating effect 
of guanidine was due m part to an anti-curare 
action , such an action was demonstrated directly 
in SIX experiments Methyl i5-othiourea was found 
to behave similarly when given in a concentra- 
tion of M/ 4,000 Its potentiating action was seen 
best when the dose of if-tubocuranne administered 
was one which produced only partial block 
When the dose of rf-tubocurarine was increased 
to 2 Atg / ml , no anti-curare action could be 
demonstrated with the above doses of methyl 
/i'othiourea and guanidine Nevertheless, both 
amidine denvatives tended to augment the effect 
of direct electrical stimuli if given under these 


conditions , methyl uothiourea to nearly its usual 
extent but guanidine sometimes hardly at all 
(Fig 4) 

Influence of calcium ion concentration — A 
reduction in the effective concentration of calcium 
ions in the bath was brought about (i) by adding 
sodium oxalate solution to the bath, (ii) by adding 
sodium citrate solution, or (iii) by replacing the 


ordinary Ringer-Tyrode solution m the bath with 
a solution containing less than the normal amount 
of calcium chloride It was noted, confirming 
McDowall (1949), that a moderate reduction in 
the calcium ion concentration of the bath usually 
increases the muscle twitch, whereas a large reduc- 
tion invanably decreases it In the latter instance, 
adding calcium chloride solution restored the 
amplitude of the twitch , the normal effect of an 
increase in calcium ion concentration was to 
reduce the twitch 

In sue experiments guanidine (M / 500) was added 
to Ringer-Tyrode solution contaimng half the 
normal amount of calcium The average increase 
in the size of the maximal twitches m these six 
experiments was definitely less than that observed 
in seven control experiments in which the same 
dose of guamdine was added to normal Rmger- 
Tyrode solution Raising the calcium content of 
the bath was less effective for counteracting the 
action of guanidine One of the most striking 

features of this set of ex- 
periments was the persis- 
tence of the guamdine 
effect Even ten or fifteen 
washings failed to restore 
the normal reaction of 
the preparation Conse- 
quently httle could be 
learned from the effect of 
a second dose 
Similar experiments 
were carried out with 
methyl ijothiourea As a 
test dose, 0 5 ml of an 
aqueous M/10 solution 
was injected into the 
100 ml bath In ordinary 
Tyrode solution this 
dose of methyl iso- 
thiourea caused a slow 
steady increase in the size 
of the twitch in almost 
all of some twenty trials 
The response to the iso- 
thiourea was reduced 
— sometimes quite 
suppressed — when the calcium ion concentra- 
tion was lowered sufficiently to reduce the 
amplitude of the twitch , but it was not much 
affected by doubling or quadrupling the calcium 
content of the bath 

Interaction with potassium — Raising the potas- 
sium ion concentration of the Ringer-Tyrode 
solution in the bath at first potentiates increas- 



riG 4 —Rat diaphragm preparations I indicates mdircct and D direct stimulation 
(o) The effect of maximal mdurect shocks (I 7 m amp , 0 5 msec shocks at 
10 sec intervals) is abolished by a 200 ^lg dose of rf-tubocurarine (b) Same 
preparation Contractions now ehcited by direct electrical stimulation Methyl 
isothiourea hydrochlonde (M/4,000 at the arrow) enhances the response to these, 
although (c) mdirect stimulation shows that the preparation remams fully 
curanzed After two washings, sensitivity to mdirect stimuli slowly returns 
id, e) A similar expenment with guamdine hydrochlonde (M/500 at the arrow) 
There is a 10 mm interval between stnps id) and (e) 
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ingly the response to a maximal indirect shock, 
then reduces it — just as does a typical amidme 
derivative when it is given m increasing amount 

It was observed that after two 20 mg doses of 
potassium chloride (at which time a further 
increase in the potassium ion concentration of the 
100 ml bath could no longer increase the size of 
the twitch), test doses of methyl or ethyl iso- 
thiourea were unable to cause potentiation Con- 
versely, a test dose of potassium chlonde given 
after a large dose of a short-chain amidine denva- 
tive produced much the same sort of effect as 
would be expected if excess potassium were 
already present In expenments with guanidine 
this change in the reaction of the preparation was 
still seen after eight or ten washings — which is m 
accord with the persistence of other effects of 
guamdine Amongst alkyl i^othioureas, the 
fi-hexyl derivative was found to antagonize the 
potentiating effect of potassium chloride more 
effectively than those with shorter side-chains 

Cat sciatic nerve-gastrocnemiiis preparation 

Methyl isothiourea sulphate was tested m doses 
of 2-5 mg /kg on eleven cats Almost as soon as 
the drug solution entered the iliac artery the 
‘ maximal ’ contractions produced by stimulating 





Fig 5 — Cat $ 2 S kg , under chloralose Sciatic nerve- 
gastrocnemius muscle preparation Contractions 
elicited bj maximal shocks at 10 sec intervals 
Neostigmine given at 90 min intervals (doses of 
10 /ig at NEO) followed 2-5 min later by adrenaline 
(10 fig at ADR) Note the potentiated response to 
neostigmine after the administration of methyl 
irothiourca sulphate 10 mg at S-Me) 


the muscle through the sciatic nerve six or twelve 
times a minute were increased, usually by some 
10-20 per cent (Fig 5c) When given in the same 
range of doses guanidine hydrochloride had prac- 
tically no effect, while n-hexyl irothiourea hydro- 
bromide decreased the height of the contractions 
If muscle contractions were first decreased 
some 20-30 per cent by givmg a small dose of 
r/-tubocuranne, methyl ijothiourea caused more 
striking potentiation than usual If, however, 
enough tf-tubocurarine was given to produce an 
80-90 per cent decrease, the effect of a subsequent 
dose of methyl uothiourea was relatively slight 
In eight experiments small doses of neostigmine 
(3-6 pg /kg) were given every 90 minutes Even 
this long interval between doses was usually 
insufficient to prevent cumulation entirely How- 
ever, cumulation alone seemed inadequate to 
explam the greatly enhanced effect of a test dose 
of neostigmine given after either methyl uothiourea 
or guanidine (Fig 5) In three of the four experi- 
ments made with each compound it appeared 
certain that the amidine denvative had po entiated 
the effect of the neostigmine 
Adrenaline had little or no effect on this pre- 
paration when given in a dose of 3-5 mg /kg , but 
after the administration of neostigmine the test 
dose of adrenaline usually produced a consider- 
able increase in the size of the muscle twitches 
No corresponding effect was seen in parallel 
experiments with guanidine or methyl irothiourea 
However, in several preparations in which the 
adrenaline caused only a decrease in the size of 
the contractions, this depressant effect was seen 
to be enhanced after methyl uothiourea had been 
given 

Discussion 

In their effects upon smooth muscle prepara- 
tions amidine denvatives like methyl ijothiourea 
and guanidine resemble histamine rather than 
adrenaline This is shown especially by the 
experiments with blocking agents Whereas the 
vasconstnctor action of methyl ijothiourea on the 
rabbit s ear preparation was antagonized appre- 
ciably by “ Anthisan (an anti-histamme drug), it 
was hardly affected by “ Pnscol ” (which is pre- 
dominantly an anti-adrenaline) Not all actions 
of histamine on muscle are reproduced, how- 
ever The amidine derivatives tested showed no 
tendency to relax rat uterus They differed from 
histamine moreover in acting on striped muscle 
almost as strongly as on smooth 

When effects on striped muscle preparations are 
taken into consideration it becomes evident that 
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these amidine derivatives resemble potassium more 
closely than histamine like potassium, they poten- 
tiate the effect of “ maximal ” electrical shocks 
delivered to rat diaphragm muscle through the 
phrenic nerve , they also antagonize the effect of 
low concentrations of i^-tubocurarine on the rat 
diaphragm preparation whilst having their own 
effects reduced by higher concentrations of 
d-tubocuranne — which suggests that they compete 
with it for the same receptors (cf Quilliam and 
Taylor, 1947) Moreover, potassium salts in 
moderate excess resemble typical amidine deriva- 
tives in causing the contraction of most types of 
smooth muscle , they also have a vasoconstrictor 
action which is not affected appreciably by the 
treatment with ergotoxine, apart from one caused 
by the hberation of adrenaline (Mathison, 1911 , 
Knoefel and Alles, 1938 , Pastier and Smirk, 1947 
Sugawara and Tada, 1927) 

It must be added that the majority of these 
effects can also be reproduced by a reduction in 
calcium ion concentration Thus in comparing 
the effects of guanidine on frog rectus muscle 
with those of calcium deprivation, Harvey (1940) 
observed that “ both bring about a sensitization 
to potassium ions, their action is antagonized by 
excess of calcium, and both lead to a ‘ spontan- 
eous ’ activity ” The close correspondence bstween 
symptoms of guanidine poisoning and those of 
parathyroid tetany has long been known (Paton 
and Findlay, 1917) 

Nevertheless, so closely linked are the physio- 
logical actions of potassium and calcium that 
Harvey and others have been content to attribute 
the pharmacological effects of guanidine to 
changes in ionic balance rather than to anything 
so specific as calcium lack or potassium excess 
Neither possibility is ruled out by the above 
results, but it seems significant that the chemical 
relatives of methyl wthiourea which have been 
found to resemble it at all closely m pharmaco- 
logical properties are those whose salts ionize 
freely to yield small cations (Pastier, 1948) In 
order to explain the effects of these various bases 
in terms of “ potassium excess ” one need only 
assume that they can simulate more or less closely 
the action of potassium ions, unlike their higher 
homologucs, which show a far greater tendency to 
produce only inhibitory effects (Pastier and Reid 
1948) It IS far less easy to explain how a reduc- 
tion in the effectne concentration of calcium ions 
might be brought about 

NVhatever be the precise explanation, it is 
ob\nous that amidine derivatives have a deep- 
seated action on muscle A diversitv of muscle- 


contracting agents have their effects modified 
in the presence of amidine denvatives Anti- 
histamine effects on gut and bronchioles have been 
observed with large doses of amidine denvatives 
and potentiation of histamine effects with smaller 
doses Analogous effects upon sensitivity to the 
vasoconstrictor action of adrenaline have been 
described by Pastier and Reid (1948) Pharmaco- 
logical effects of acetylcholine too may be modified 
by typical amidine derivatives 
It has been known for some considerable time 
that guanidine can potentiate the action of acetyl- 
choline on striped muscle (Frank, Stern, and 
Nothmann, 1921 , Harvey, 1940) The finding that 
bases like asym-dimethylguamdine, methyl and 
ethyl wothiourea also possess this property is 
hardly surprising considering the numerous other 
analogies that have been noted in their pharmaco- 
logical behaviour (Pastier and Smirk, 1947) That 
guanidine can sensitize frog rectus muscle to 
potassum as well as to acetylcholine has been 
shown by Harvey (1940) The abihty of guanidine 
to potentiate the effects of a variety of muscle- 
contracting agents is further evident from results 
of Camis (1909), Paton and Findlay (1917), 
Filhner (1920), and Kato (1939) on striped muscle, 
and of Fiihner (1917), Burns and Watson (1920), 
Godeaux (1942), and Garcfa and Perdomo (1946) 
on smooth muscle preparations In the rat 
phrenic nerve-diaphragm preparation the increased 
response to “ maximal ” electrical shocks applied 
indirectly may well depend solely upon an 
enhanced sensitivity to the acetylcholine liberated 
at myoneural junctions However, this leaves 
unexplained the observation that some potentia- 
tion can still be obtained after curarization 
Guanidine has been found to be of some value 
for the treatment of myasthenia gravis (Minot, 
Dodd, and Riven, 1939), though why it affords 
relief to myasthenics is far from evident Guani- 
dine does not inhibit cholinesterase (Minot, 1939 , 
Thompson and Tice, 1941) Therefore it might 
be concluded that the action of this drug is quite 
different from that of neostigmine , but Thompson 
and Tice question such a view TTiey point out 
infer aha that the duration of relief of symptoms 
m myasthenia gravis after neostigmine follows the 
change in serum potassium more closely than it 
does the decrease in activity of cholinesterase 
Like Cumings (1939), they believe that some 
abnormality of potassium metabolism is present 
in myasthenia gravis The above results suggest 
that potentiation of the effect of acetylcholine is 
but one manifestation of a more general action of 
guanidine on striped muscle, and possibly it is 
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not this but some related effect which is of thera- 
peutic value in myasthenia gravis It may be 
remarked m conclusion that, as several other 
amidine derivatives have been shown to resemble 
guanidine closely in their effects upon stnped 
muscle preparations, some of them might aho 
prove of clinical value 

Summary 

1 Effects of methyl /sothiourea and guanidine 
salts have been studied on perfused rabbit cars, 
isolated strips of rabbit and guinea-pig ileum, 
isolated rat uterus, guinea-pig bronchioles (Kon- 
zett-Rossler technique), isolated frog rectus muscle, 
cat sciatic nerve-gastroenemius, and rat phrenic 
nerve-diaphragm preparations A few experiments 
have also been performed with salts of other alkyl 
ijothioureas and of methyl- and asym-dimetbyl- 
guanidine 

2 The short-chain amidine derivatives tend to 
increase the tonus of smooth muscle, though their 
effect on some preparations is negligible Tlie 
vasconstrictor response to methyl ijothiourea, 
unlike that of adrenaline, is not antagonized appre- 
ciably by “ Pnscol,” but both the vasoconstnctcir 
action of methyl uothiourea and its tonus- 
increasing action on gut are partially antagomzesd 
by the anti-histamine drug “ Anthisan ” 

3 The effects of methyl wothiourea and (jf 
guanidine on stnped muscle preparations resemble 
those of potassium m excess They are able to 
potentiate the effect of maximal electrical shocks 
applied indirectly to the rat diaphragm prepara- 
tion , they exert an appreciable anti-curare actiop , 
and their potentiating action on the rat dia- 
phragm preparation is not readily antagonized by 
rf-tubocuranne 

4 Several of the short-chain am dine derivatives 
have been shown to enhance the response of frog 
rectus muscle to test doses of acetylcho me Poten- 
tiation of effects of histamine on gut and bron- 
chioles has also been observed under conditions 
descnbed in the text References to yet oth^r 
potentiating actions of amidine derivatives on 
muscle are given 

5 The mode of action of these compounds is 
discussed, particularly in relation to that of 
histamine and of potassium 


It IS a pleasure to acknowledge here my indebted- 
ness to Professor J H Bum, who has afforded me 
every facility for carrying out this work and has 
constantly guided its progress 
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Besides atropine, new synthetic compounds with 
parasympathicolytic and spasmo’ytic activity have 
been shown recently to possess therapeutic value 
in Parkinson’s disease , these are diethylammoeJiyl- 
1 - phenyl - cyc/opentane - 1 - carboxylate (DPCPC) 
(Grunthal, 1946 , Hartmann, 1946 , Schwab and 
Leigh, 1949) and according to Sigwald et al (1946) 
and Bovet et al (1947, 1948) N-diethylaminoethyl- 
phenothiazine (DPT) The first is parasympa- 
thicolytic and papaverine-hke (Domenjoz, 1946 , 
Frommel et al , 1949) and exhibits at the same 
time some antihistamine (Frommel et al , 1949), 
peripheral curare-hke (Domenjoz, 1946), and local 
anaesthetic (Fleisch and Baud, 1948) properties 
In addition to these effects, Heymans et al (1948a 
and b, 1949b and c) have demonstrated that 
DPCPC IS a powerful anti-nicotme agent because 
It suppresses all the toxic effects of high doses 
of this alkaloid The same authors have recently 
shown that DPT also exerts a strong anti-mcotine 
activity in protecting dogs against 100-200 lethal 
doses of nicotine (1949a, b, and c) 

The very complex pharmacological activity of 
nicotine is generally divided into peripheral effects 
on muscular fibres and neuromuscular junctions, 
effects on autonomic ganglia, and effects on the 
central nerv'ous system Further and at each level, 
the action of nicotine depends on the alkaloid 
concentration and on the degree of intoxication, 
so that these can also be classified into motor and 
inhibitory effects (Bovet et al , 1948 , Goodman 
and Gilman, 1946) Corresponding to these modes 
and sites of acuon, nicotine can thus produce 
some effects on synaptic activity which, accordmg 
to Langley and Dickinson (1889), can be used as 
a test of mcotine-hke or anti-nicotine activity On 
the other hand many other effects such as those 
on the respirator^’, cardio\ascular or central nerv- 
ous svstem, or on isolated organs — e g , mtestine, 
\csscls, or heart — do not show a clear relationship 


to the usual physiological stimulations As it was 
supposed that the therapeutic activity of some com- 
pounds m Parkinson’s disease might be related to 
their ganghomc-blockmg effect on the tome centres 
of the extrapyramidal tracts or on the cholinergic 
transmission (Sigwald et al , 1946 , Bovet et al , 
1947, 1948), we thought that it would he mterest- 
mg to investigate more closely the relationship 
between anti-mcotme effect and parasympathico- 
lytic or autonomic activity For a better dis- 
cnmination of such antagonisms, it seemed also 
necessary to extend our investigations to com- 
pounds of diverse chemical constitution possessmg 
some specific activity such as antagonism of para- 
sympathetic or sympathetic effects, spasmolysis, 
ganghomc-blockmg, local anaesthesia, and even 
central depression 

We tested at first the overall antagonism against 
nicotine on the whole ammal by determining 
protective indices 

Method 

Mice weighing about 20 g received intravenously 
a toxic dose of nicotine (0 00125 g /kg) which pro- 
duced convuls ons, paralysis, and death in all animals 
One hour previously, doses of the presumed protec- 
tive agent were given subcutaneously to groups of 
6-10 mice, and the ED50, protecting 50 per cent of 
animals, was determmed according to Miller and 
Tamter’s irethod (1944) which allows if necessary a 
statistical treatment of the results 

In a first senes of expenments we tested the anti- 
nicolme effect of atropine as a true parasympathico- 
lytic agent compared with DPCPC and DPT and of 
two synthetic compounds with neurogenic and myo- 
genic activity (Meier, 1936 , Johnson and Reynolds 
1937, Meier and Hoffmann, 1940, Graham and 
Lazarus 1940 Tnpod, 1949) — viz, “Trasentin 
(diethylaminoeth>lester of diphenylacetic acid) and 

Trasentin-H ” (diethylaminoethylcster of phenjl- 
c>c/ohexylacetic aad) A specific sy mpathicolytic 
agent hke ergotamine and tetracth\lammonium 
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bromide (TEA), which shows some anti-nicotine 
effect (Boelacrt, 1948) besides its marked ganghomc- 
blocking action (Acheson et a! 1945, 1946a and b , 
Trendelenburg, 1923), were also investigated Pro- 
caine and cocaine were tested because the former 
possesses, if not a pure ganglion-blocking eflfect (Bovet 
et al 1948), at least some parasympathicolytic and 
anti nicotine properties (Hazard et al 1942a and b , 
Moore et al 1948 , Haimovici, 1948 , Soehnng and 
Messier 1949) Finally d tubocurarme as a nerve 
muscle blocking agent (Feldberg and Lin, 1949) and 
phenobarbitone as a general depressant of the central 
nervous system were used 
In a second senes of determinations we tested in 
the same manner the anti-acetylchohne effect of all 
these compounds against an intravenous dose of 
acetylcholine (0 020 g/kg) which produces convul- 
sions paralysis, and death in all animals 

Results 

Table 1 gives the ED50 values for the antt- 
nicotine and anti-acetylchohne activities of all 
these agents 

TABLE I 

AKTI-NICOTINE AND ANn-ACETYLCHOLTNE ACTIVITY OP 
VARIOUS AGENTS ON MICE 




Anti- 

Anti- 

Class of drug 1 

Drug 

nicotine 

ED50 

acetylcholine 

ED50 



g/kg 

g/kg 

Parasympathi- 

Atropine 

>0 800 

0 009 

colyTic and 

DPT 1 

0 014 

0 130 

spasmolytic 

DPCPC 

0 031 

0 013 


Trasentm 

0 031 I 

0 035 


Trasentin-H 

0 085 1 

' 1 

0018 

1 

Sympathicolytic 

j Ergotamine 

j>0 100 

>0 100 

Ganglion-block- 

Tetraethyl- 

1 0 028 

>0 200 

ing 

ammonium 

1 j 


Local anacs- 

Cocaine 

0 017 1 

>0 200 

thetic 

Procaine 

0 100 

>0 400 

Peripheral- 

d-Tubocura- 

>0 00075 

>0 00075 

blocking 

1 

1 nne 



Central | 

Phenobarbi- 

, 0 007 

>0 100 

1 

! 

tone 

1 

i 


These results show clearly that the general 
to\icit\ of nicotine can be antagonized by spasmo- 
lytic and ganglion-blocking agents or even by 
cocaine as well as by a central depressant These 
findings seem thus to be related not only to a 
specific effect but also to various sites of action 
of the alkaloid In addiUon, the lack of activity 


of atropine is very strikmg so that a para- 
sympathomimetic eSect of nicotine is unlikely 
Further, this test also clearly demonstrates that 
a good anti-mcotine activity is not exclusively 
exhibited by DPT and DPCPC, since trasentm and 
to some extent trasentin-H can also antagonize 
the effects of nicotine 

On the other hand, an anti-acetylcholine activity 
IS shown only by atropine and by spasmolytic agents 
which are known to possess parasympathicolytic 
properties hke DPT (Bovet et al , 1947, 1948 , 
Gordon, 1948 , Heymans et al , 1949&, b, and c), 
DPCPC (Domenjoz, 1946 , Bovet et al, 1948 , 
Heymans et al , 1948a and b , Fromrael et al , 1949), 
trasentm, and trasentm-H (Meier, 1936 , Meier 
and Hoffmann, 1940 , Graham and Lazarus, 1940 , 
Bovet et al , 1948 , Tripod, 1949) 


TABLE II 

RELATIONSHIP BETWEEN ANTI -NICOTINE AND ANTI 
ACETYLCHOLINE ACTTVITIES 


Drug 

Index ^li'Uicotme potency 
anti-acetylchollne potency 

Atropine 

<0 01 

DPT 

9 30 

DPCPC 

0 42 

Trasentm 

1 13 

Trasentin-H 

0 21 


The ratios between the ED50 values for the anti- 
nicotine and anti-acetylchohne activities (Table II) 
demonstrate that these properties are clearly 
independent in these spasmolytic compounds 

Smee an anti-nicotine activity on the whole 
animal is exhibited by various compounds, which 
are neither chemically nor pharmacologically 
related, it seemed necessary to compare the effect 
of nicotine with typical autonomic effects in a 
simpler test 

Acetylcholme has a consistently stimulant effect 
on isolated rabbit and guinea-pig ileum Nico 
tine on the contrary produces on the intestine a 
contraction as desenbed by Trendelenburg (1917). 
Alvarez (1918a and b), von Oettingen ei al (1928), 
and recently by Feldberg and Lin (1949), or an 
inhibition of the activity with higher concentra- 
tions according to Langley and Magnus (1905) 
This effect can be mixed or biphasic (Alvarez 
1918), and depends on the dose, the analomica 
localization of the intestinal strip, the animal 
species, as well as on the expenmental technique 
(Alvarez, 1918 , Raymond-Hamet 1930 Bovet 
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Fig I — Relationship between concentration of nicotine and height of 
contraction of the isolated guinea-pig and rabbit ileum 


et al , 1948) It seemed therefore necessary to 
establish a test in which a typical motor effect of 
nicotine would be produced 

METHOtJ 

Isolated strips of rabbit or guinea-pig ileum were 
kept at 0° during four hours and afterwards suspended 
in a 50 c c bath containing oxygenated Tyrode The 
bath temperature was 38° C and a frontal writing 
lever was used The concentrations mentioned in the 
text are the final concentrations m the bath 


Results 

The mean response-dose curves 
for nicotine on the rabbit and 
guinea-pig ileum are depicted in 
Fig 1 

Gumea-pig ileum seemed suit- 
able for the testing of a nicotine 
antagonism because its motor 
effect has a wider range , more- 
over, a biphasic response is only 
elicited by concentrations highei 
than 10*^, and the contractions 
can be reproduced quite regularly 
without tachyphylaxis, at least 
With low concentrations as already 
described by Feldberg and Lin 
(1949) Rabbit ileum, on the other 
hand, reacts more irregularly to 
the alkaloid and shows even in 
low concentrations, for example 
10''^, a biphasic or polyphasic 
effect 

The antagonistic activities of 
various agents were tested on 
isolated guinea-pig ileum against a final nicotine 
concentration of 10 ® The anti-nicotine effects 
recorded after the prophylactic treatment with the 
antagonist could then be measured and the inhibi- 
tion statistically treated for “all or none” (Morrell 
et al , 1940 , Miller et al . 1948) or graded responses 
(Schild, 1942 , Holton, 1948 , Tripod, 1949) Figs 
2 and 3 illustrate the antagonistic effects of atropine 
and trasentin-H The values of the concentrations 
producing a 50 per cent anti-nicotine effect (ED50) 


Fig 2 — The anti -nicotine 
effect of 5 X 10-® atropine 
IS illustrated on isolated 
guinea-pig ileum 





Fig 1 — Trascntin-H produces e\cn in a concentration of 10 ® a small anti-nicotine cTect on isolated guinea-pig ilc 
The inhibition of the motor effect of nicotine is marked with 3 X 10 “ 
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TABLE m 


ANTI-NlCXmNE ACTWITY OF VARIOUS AGENTS ON ISOLATED 
GUINEA-PIG ILEUM 


Class of drug 

Drug 

t Anti- 
' nicotine 
. ED50 

Relative 

potency 

Parasympathi- 

Atropine 

2 X 10 « 

100 

colytic and 

DPT 

1 X 10-’ 

20 

spasmolytic 

DPCPC 

2 X 10-« 

100 


Trasentin 

6 X 10 » 

33 


Trasentin-H 

2 X 10 • 

100 

Sympathicolytic 

Ergotamine 

10-" 

02 


Pnscol 

10 ‘ 

02 

Ganglion-block- 

ing 

' Tetraethyi- 
ammonium 

>10 < 

<0 02 

Local anaes- 

Cocaine 

>10 ‘ 

<002 

thetic 

Procaine 

10-* 

1 02 

Peripheral- 

blocking 

d-Tubocurarine 

3 X 10-^ 

1 0 006 

1 

Central 

Barbitone ! 

>10-‘ 

<0 02 


Phenobarbitone 

10 ‘ 

0 02 


have been graphically evaluated from several 
expenments and are listed in Table III, where the 
relative potency of atropine is put as 100 
The greatest anti-nicotine activity is strikmgly 
shown by atropine and the spasmolytic com- 
pounds, whereas sympathicolytic, ganghon-block- 
ing, local anaesthetic, and peripheral-blocking 


TABLE IV 

ANTI-ACETYLCHOLINE ACTIVITY OF VARIOUS AGENTS ON 
ISOLATED RABBIT ILEUM 


Class of drug 

i Drug 

1 

Anti- 
acetyl- 
1 choline 

1 ED50 

Relative 

potency 

Parasympathi- 

Atropine 

|2 3 X 10 8 

100 

col>dic and 

DPT 

4 X 10-’ 

57 

spasmolytic | 

DPCPC 

2X 10 ’ 

11 5 


Trasentin , 

44 X 10 ’ 

52 

1 

Trasentin-H | 

I 6 X 10 ’ 

14 4 

Ganglion-bIock-| 
mg 1 

1 Tetraethyl- 1 

1 ammonium 

1 1 

3 2 X 10-8 

0 007 

Local anaes- 

1 Cocaine 

2 3 X 10 81 

0 01 

theUc 

Procaine 

2 1 X 10 “I 

Oil 

Peripheral- 

1 rf-Tubocurannc 

>10 8 1 

<0 02 

blocking 




Central 

Phenobarbitone 

>10 8 ' 

<0 02 


agents as well as central depressants all show an 
antagonism, but m such high concentrations that 
their specificity is rather doubtful In their recent 
paper Feldberg and Lin (1949) drew attention to 
the anti-mcotine effect of local anaesthetics and of 
d-tubocuranne on the gumea-pig and the rabbit 
ileum , in our expenments on guinea-pig gut, 
however, this mhibition was found to be much 
smaller than that of atropine 
In the same manner we tested on the rabbit 
ileum the antagonism of some agents against a 
final concentration of acetylchohne of 5 x Iff' 
The ED50 values are compiled in Table IV, where 
the relative potency of atropine is again 100 
As expected, only atropme and atropine-like 
agents are here effective, but the spasmolytic com- 
pounds possess different potencies for anti-nicotme 
and anti-acetylcholine activity as shown by Tables 
III and rV, although both are produced by rather 
similar concentrations 

Further, we compared various antagonistic 
effects in order to establish the relationships 

TABLE V 

RELATIONSHIP BETWEEN ANn-NlCOTINE EFFECT AND OTHER 
ANTAGONISMS ON ISOLATED ORGANS 


Indices of specific potencies 


Drug 

jAnti-nicotme 

1 Anti- 
^ acetylcholine 

Anu-nicoUne 

Sympathi- 

colytic 

Anti-nicotinc 

Musculo- 

tropic 

Atropine 

1 1 

3,000 

50,000 

DPT 

4 

30 

100 

DPCPC 

10 

1,000 

' 500 

1 rasentin 

73 

333 

167 

Trasentin-H 

1 

8 1 

1,000 

150 


between the anti-nicotine specificity, the sympathi- 
colytic activity against 3 x Iff" adrenaline on the 
seminal vesicle of the guinea-pig (Brfigger, 1945), 
and the antagonism against 2x10^ BaCL on the 
rabbit ileum 

Calculated ratios of anti-nicotine activities to 
other antagonistic activities are reproduced m 
Table V They show that the anti-nicot ne activity 
IS more closely related to the anti-acetylchohne 
activity than to any of the other antagonisms 

On the isolated guinea-pig ileum it can thus 
easily be demonstrated that atropine and spasmo- 
lytic compounds like DPT, DPCPC, trasentm, and 
trasentin-H exert a specific antagonism against 
the nicotinic stimulation, antagonism which is not 
related to anti-adrenaline or musculotropic proper- 
ties A closer relationship is only exhibited with 
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an anti-acetylcholine effect, so that this point 
seemed wor^y of further investigation There- 
fore, we tested the antagonistic effect of these 
agents against other substances with muscarine- 
like properties such as arecoline and pilocarpine 
(Bovet et a!. 1948) and determined the various 
antagonistic ED50 values on the guinea-pig ileum 
against acetylcholine (10-'), arecoline (3x10 ®), 
and pilocarpine (5x10") (Tables VI and VII) 

TABLE VI 


ANTAGONISMS ON ISOLATED GUINEA-PIG ILEUM 


Drug 

Anti- 

acetyl- 

choline 

ED50 

i 

Anti- 

nico- 

tine 

ED50 

Anti- 
areco- 
Ime 1 
( ED50 1 

Anti- 
pilo- 
carpine 
; ED50 

Atropine 

7 X 10-“ 1 

2 X 10-* 

7 X 10-“>i 

2 X 10-“ 

DPT 

2 X 10-’ 

10-^ 

2 X 10-« 

4 X 10-« 

DPCPC 

8 X 10-® 

2 X 10-« 

2X 10-* 

3 X 10-« 

Trasentin 

4 X I0'“ 

6X 10-« 

3 X 10-« 

6 X 10-“ 

Trasentin-H 

2 X 10-« 

2 X 10-« 

2 X 10-“ 

3 X 10-“ 


TABLE vn 

RELATIONSHIP BETWEEN ANTI-NICOTINE EFFECT AND OTHER 
ANTAGONISMS ON ISOLATED GUINEA-PIG BLEUM 


Drug 1 

Indices of specific potencies 

Anti-nicotine 

Anti- 

acetylcholine 

Anti-nicotine 

Anti- 

arecoline 

AnU-nicotine 

Anti- 

pilocarpine 

Atropine 

1 0 35 

0 035 

0 1 

DPT 

1 20 

0 20 

04 

DPCPC 

40 

1 00 

1 5 

Trasentin 

67 

0 50 

1 0 

Trasentin-H 

1 0 

0 10 

0 15 


Similar experiments showed that tetraethylam- 
monium, cocaine and procaine, as well as d-tubo- 
curarine, exhibit only an unspecific antagonism 
against these muscanne-hke substances in con- 
centrations higher than 10'-' 

Discussion 

These findings show that ana-acetylcholine, 
anti-nicotine, anti-arecoline, and anti-pilocarpine 
properUes are closely related but that, neverthe- 
less, differences of specificity occur In spite of 
this. It seems that the group of spasmolytics investi- 
gated all exhibit the same tj'pe of antagonism 
against a muscanne-hke effect 
The site of acuon of nicotine on the isolated 
guinca-pig ilcum has thus to be considered Its 
motor effect could theoretically be due to a 


ganglionic excitation by low concentrations of 
the alkaloid In our experiments, however, it 
was demonstrated that a specific ganghonic-block- 
mg compound like tetraethylammomum cannot 
antagonize the stimulation produced by 10® nico 
tine (Table III) As our experiments were done 
on ice-treated ileum m order to obtain a greater 
and more regular sensitivity to nicotine, it might 
be objected that this treatment already “ blocks " 
the autonomic gangha of the mtestine , this is 
not the case because we obtained the same values 
as those listed m Table III with the ileum of freshly 
killed guinea-pigs, with perhaps a little higher 
sensitivity to cocaine, procaine, and if-tubo- 
curarine which, however, still remains 100-1,600 
times smaller than for atropine A usual gang- 
lionic site of action being excluded, the motor 
effect of nicotine can be explained by special 
pharmacological properties of the mtesLnal ganglia 
of the gumea-pig, or by a peripheral action on the 
neural elements — e g , a post-ganglionic stimula- 
tion The analogy with arecoline and pilocarpine 
which also have a postganglionic and parasym- 
pathomimetic action (Bovet et al , 1948) strengthens 
this hypothesis Moreover, a post-gangl.onic action 
of nicotine has already been demonstrated on the 
blood vessels by Haunovici (1948) 

In any case, an anti-nicotine activity on the 
whole animal seems to be related to various 
mechamsms mvolved in the different sites of 
action of nicotine This effect is not exclusively 
a property of spasmolytic compounds with thera- 
peutic activity in Parkinson’s disease like DPT and 
DPCPC, since trasentin and trasentin-H equally 
show a good anti-mcotine effect, and atropine does 
not show It at all Furthermore, the anti-nicotine 
activity on isolated organs is comparable to an 
anti-acetylcholme or anti-muscarine mechanism, 
and It IS again exhibited with high specificity not 
exclusively by spasmolytic compounds with thera- 
peutic activity m Parkinson’s disease It seems 
thus that the therapeutic activity of DPT and 
DPCPC is produced by a different and charac- 
teristic mechanism, but neither the anti-acetyl- 
choline nor the anti-nicotine mechanism shows a 
convincing parallelism with therapeutic activity in 
Parkinson’s disease 

Summary 

1 On mice, the toxicity of nicotine can be 
antagonized by spasmolytic and ganglionic-block- 
mg agents as well as by a central depressant 
These anti-nicotine properties seem to be related 
to various sites of action of the alkaloid and not 
to a specific blocking of paras>Tnpathetic effects 
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2 On the isolated guinea-pig ileum nicotine 
produces a muscarine-like stimulation which can 
be antagonized by atropine and spasmolytic com- 
pounds These anti-nicotme properties are related 
more to an anti-acetylcholine or ant'-muscarine 
effect than to a sympathicolytic or musculotropic 
activity 

We are grateful to Mr Brdni and Mr Bubendorf 
for their technical assistance in these experiments 
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THE TOLERANCE OF THE DOG TO INTRATHECAL 
INJECTIONS OF CRYSTALLINE PENICILLIN 

BY 


T H B BEDFORD 

From the Department of Pharmacology, University of Manchester 
(Received September 27 1949) 


Although it IS known that intrathecal admin- 
istration of penicilhn may have an irritant action 
on the menmges and on the central nervous system 
(Walker, 1947 , Cairns, 1947), no measurements of 
the degree of tolerance either in the human subject 
or in the experimental animal are yet available 
Moreover pemcillm is generally injected mto the 
subarachnoid space dissolved in isotonic sodium 
chloride solution Isotonic sodium chlonde solu- 
tion has Itself a well-defined irritant action on the 
meninges (Bedford, 1946, 1948a, 1948b) It is 
therefore essential that this action should be taken 
into consideration when determining that of peni- 
cillin In the experiments now reported, a stud> 
has been made of the effect of the mtracistemal 
injection of crystalline penicillin in dogs 

Experimental Procedure 

The general expenmental procedure was similar to 
that described in earlier publicaUons (Bedford, 1946, 
1948a), to which reference for details should be 
made In this senes of experiments, the dogs were 
anaesthetized with ether Crystalline sodium penicil- 
lin G(1 1) ( ' Avion,” Impenal Chemical Pharmaceuti- 
cals, Ltd ) was used throughout the expenments The 
penicillin was dissolved in stenle distilled water 
immediately before injection into the cistema magna , 
in a few expenments it \sas dissolved in a 09 per 
cent (w/v) solution of sodium chlonde in disulled 
water Although solutions of penicillin in distilled 
water were found to have an average of 5 5, they 
were in no sense buffered at that pH After the 
addition of a relatnely small volume of cerebrospinal 
fluid the solutions rapidl> assumed the pH of that 
fluid A constant volume (10 c c ) of solution was 
introduced in all expenments The animals after 
rcco\erv from the anaesthetic were allowed to sur- 
M\c for SIX hours, in a few experiments the surv'n’al 
time was 24 hours An> animal that displajed s>mp- 
toms of scNcre irritation of the nervous s>stem after 
recoNcn from the anaesthetic was not allowed to 
surviNc 


Results 

The effect of the mtracistemal administration 
of 100,000 and 20,000 i it penicillin 

Two dogs weighing 9 0 kg and 8 5 kg respec- 
tively were each given 100,000 i u penicillin dis- 
solved in 1 0 c c distilled water and kept under 
observation while they recovered from the anaes- 
thetic As the effects of the ether wore off, the 
animals were found to be holding the head ngidly 
retracted , they repeatedly heked the nose and 
attempted to scratch the back of the neck with 
the hind leg There was a profuse flow of 
saliva Generalized tremors heralded the onset 
of convulsions which speedily passed into status 
epilepticus The symptoms displayed by both 
animals were almost identical Similar effects 
were obtained after the administration of 20,000 
1 u to two dogs weighing 8 0 kg and 8 5 kg 
respectively The animals were destroyed after 
the onset of general convulsions before complete 
consciousness had been regained 

The effect of the intracisternal administration of 
10,000 i u penicillin 

The experiments were divided into three groups 
In the first group the penicillin was injected dis- 
solved in distilled water and the effects on the 
pressure and cell content of the cerebrospinal 
fluid determined at the end of 6 hours The 
second group of experiments was similar to the 
first except that the animals were allowed to 
survive 24 hours after the injection of the peni- 
cillin In the third group, the penicillin was dis- 
solved in 0 9 per cent (w/v) sodium chloride 
solution before injection The effect of the intro- 
duction of 10,000 1 u penicillin in distilled water 
was studied in twelve dogs seven were allowed 
to survTve for 6 hours and five for 24 hours All 
animals presented evidence of irritation of the 
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TABLE 1 

THE EFTECr ON THE CELL CONTENT AND THE PRESSURE OF THE CEREBROSPINAL FLUID OF 10,000 I V PENICILLIN 

AND OF 0 9% NaO SOLUTION 


'1 I' 

Penicillin in distilled water j Penicillin in distilleJ water i 0 9% NaCl in distilled water 


Wt of 
dog 
(kg ) 

White cells 
percu mm 

6 hr after 
injection 

Pressure of 
CS F 

Wt of 
dog 
(kg ) 

White cells 
percu mm 
24 hr after 
injection 

Pressure of 
CSF 

1 

Wt of 
dog 
(kg) 

White cells 
percu mm 

6 hr after 
mjection 

Pressure of 
CSF 

Before 

injection 

6 hr 
later 

Before 

injection 

24 hr 
later 

Before 

injection 

6 hr 
later 

75 

4,320 

170 

130 


340 

130 

130 

95 

3,250 

140 

220 


4,230 

200 

160 

11 5 

330 

140 

120 

85 

1,400 

140 

170 

95 


130 

120 

75 

440 

120 

90 

60 

3,400 

80 

220 


1,770 

140 

160 

9 5 

170 

80 

140 

10 5 

1,070 

110 

270 


6,790 

150 

160 


210 

100 

120 

10 0 

2,100 


160 


6,880 

110 

230 





60 

2,300 


250 

8 5 

Destroyed 

13Q 

— 





10 5 

4,500 


260 

Average 












8 5 

4,398 


■ 

9 5 

298 

114 

120 


2,574 

123 

220 


TABLE If 


THE EFFECT ON THE CELL CONTENT AND ON THE PRESSURE OF THE CEREBROSPINAL FLUID OF PENICILLIN IN DOSES 

LESS THAN 10,000 I U AND OF DISTILLED WATER 


Wt 

1 u penicillin 

White cells 
after 6 hr 

Pressure of 
CSF 

Wt 

I u peniciUin 

White cells 
after 6 hr 

Pressure of 
CSF 

of dog 
(kg) 

in distilled 
water 



of dog 
(kg) 

in 0 9% NaCl 
solution 



per cu mm 
CSF 

Before 

6 hr 

per cu mm 
CSF 

Before 

6 hr 



injection 

later 



injection 

later 


7,500 

340 

140 

140 


1,000 

6,000 

80 

, 230 


7,500 

415 

180 

160 


1,000 

7,800 

130 

260 


7,500 

600 

130 

160 


1,000 

7,500 

120 

■a 

Average 









170 

92 

— 

450 

150 

153 


1,000 

4,700 

11 0 

5,000 

170 

180 

180 

Average 




215 

90 

100 

5,000 

5,000 

280 

140 

80 

no 

80 

120 

10 1 




Distilled water 








Average 

100 









— 

197 

L . .... .. 

123 

127 

10 5 

— 

0 

160 

180 

80 

2,500 


m 

100 

11 5 

— 

90 

150 

160 

90 

2,500 


HI 

100 

8 5 


0 

120 

no 

Aierage 

8 5 

■HHHIi 

80 

100 

75 

— 

80 

150 

170 

80 

95 



120 

170 

140 

170 

86 

— 

0 

130 

110 

* — — — 





100 



90 

110 

Average 


34 

142 

146 

75 



110 

85 

93 

— 

Ascrage 










87 


32 

122 

126 j 
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nervous system after recovery from the anaes- 
thetic The symptoms most commonly encountered 
were weakness of the forelegs in walking, slight 
head retraction, chattering of the jaws with saliva- 
tion, and attempts to scratch the back of the head 
with the hind leg Head shaking was a prominent 
symptom in some animals With the exception of 
one dog which passed mto status epilepticus after 
half an hour, convulsions were not observed 
These symptoms generally disappeared after one 
hour and the animals appeared normal at the end 
of the 6-hour and 24-hour recovery periods In 
four experiments the penicillin was dissolved in 
sodium chlonde solution before injection There 
was evidence of severe irritation of the central 
nervous system in all four expenments on recovery 
from the anaesthetic, and the animals were 
destroyed after the onset of general convulsions 
within half to one hour of the administration of 
the penicillin The results of the experiments are 
summarized in Table I, where, for the purpose of 
comparison, the effect of the injection of 1 0 c c 
of 0 9 per cent (w/v) sodium chlonde solution 
after 6 hours is also indicated The limited num- 
ber of expenments in each group did not seem to 
warrant a statistical investigation of the results 

The effect of the mtracisternal injection of 

crystalline penicillin in quantities less than 

10,000 i ii 

Penicillin dissolved m distilled water was injected 
into the cisterna magna in the following doses 
7,500 1 u in 3 dogs , 5,000 i u in 3 dogs , 2,500 i u 
m 2 dogs , 1,000 i u in 4 dogs , and 1,000 i u in 
sodium chloride solution was injected in 4 dogs 
The duration of the experiments was 6 hours The 
effect on the cell count and on the pressure of the 
cerebrospinal fluid is indicated in Table II There 
were symptoms of irritation of the nervous system 
m all expenments except after the injection of 

1 ,000 1 u after 2,500 i u these symptoms were 
barelv perceptible Although the injection of 

1 ,000 1 u in sodium chlonde solution caused the 
appearance of a considerable number of poly- 
morphonuclear leucocytes and a nse in the 
pressure of the cerebrospinal fluid, the animals 
presented no s\mptoms of irritation of the nervous 
system It is e\ident that the white cell content 
and the pressure of the cerebrospinal fluid give 
no indication of irntant action on nerv'e tissue 

Discussion 

In the abo\e experiments, dogs of an average 
weight of 8 7 kg were able to tolerate an intra- 
cistcrnal injection of I 000 i u penicillin m 


1 0 c c distilled water without displaying symp- 
toms of irritation of the nervous system Although 
the pressure of the cerebrospinal fluid remained 
unchanged after 6 hours, polymorphonuclear 
leucocytes were invariably present, but their num- 
ber never exceeded fifty per cu mm of cerebro- 
spinal fluid (Table II) These findings contrast 
markedly with the effects which followed the 
injection of a similar volume of normal saline 
solution (Table II) Although symptoms of irnta- 
tion of the nervous system were not observed 
after the injection of normal saline solution, the 
pressure of the cerebrospinal fluid was raised and 
the polymorphonuclear leucocytic content of the 
cerebrospinal fluid averaged 2,574 cells per cu mm 
at the end of the experiments 

It will be seen from Table II that 1,000 lu 
pemciUin dissolved m normal saline solution pro- 
voked the appearance of an even greater number 
of leucocytes and also a nse m the pressure of 
the cerebrospinal fluid The unsuitability of 
normal saline solution as a solvent for penicillin 
required for introduction into the subarachnoid 
space IS well illustrated by the experiments in 
which 10,000 1 u penicillin were administered 
In four expenments m which the penicillin was 
injected dissolved in normal saline solution, the 
animals developed general convulsions after half 
to one hour and were destroyed On the other 
hand, convulsions occurred m only one ammal out 
of a series of twelve when the penicillin was dis- 
solved m distilled water, although there was 
evidence of irritation of the nervous system in 
every instance 

The irritant action of penicillin on the nervous 
system seems to be of relatively short duration 
Marked evidence of irritation may be present on 
recovery from the anaesthetic, as was observed 
after the introduction of 10,000 i u m distilled 
water, yet with the exception of one animal that 
had to be destroyed owing to the onset of general 
convulsions the remainder appeared normal one 
hour later Similarly the number of polymorpho- 
nuclear leucocytes in the cerebrospinal fluid 24 
hours after the injection of 10,000 lu penicillin 
was of the same order as that found after the 
injection of distilled water and considerably less 
than after the injection of normal saline (Bedford 
1948a) These findings suggest that penicillin may 
disappear relatively rapidly from the nerv-ous 
system after mtracisternal injection 

It is interesting to note that the injection of 
normal saline causes the appearance of consider- 
ably more leucocvdes than the injection of crjstal- 
hne penicillin in a dose capable of exciting 
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symp oms of irritation of the nervous system As 
already stated, a rise m the pressure of the cerebro- 
spinal fluid followed the inject on of normal saline 
which was never found after the injection of peni- 
cillin m distilled water These findings would seem 
to indicate that the irntant action of sodium 
chloride solution is restncted mainly to the cover- 
ing membranes of the nervous system and possibly 
to the arachnoid vilh Penicillin, on the other hand, 
rapidly penetrates the membranes, with the pro- 
duction of relatively little irritation Its mam 
action IS on the nerve cells and their processes 
rather than on the supporting tissue 

Attempts to discover whether degree of dilution 
or rate of administration have any influence on 
the effect produced by a given dose of pemcillin 
have so far yielded indeterminate results Owing 
to the small size of the cisterna magna of the dog. 
If woufd seem probable fiat better resufts would 
be obtained by making observations on the 
human subject 

Summary 

A study has been made of the effect of the 
injection of crystalline penicUhn into the cistema 
magna of the dog The duration of the expen- 
ments was 6 hours except in a few instances, where 
It was 24 hours The injection of 1,000 lu peni- 
cillin in d’stilled water did not produce symptoms 
of irritation of the nervous system, the number 


of polymorphonuclear leucocytes in the cerebro- 
spinal fluid after 6 hours was no greater than 
after the mjection of a similar volume of distilled 
w'ater, and there was no rise in the pressure of the 
cerebrospinal fluid No symptoms of irntation of 
the nervous system followed the injection of a 
similar dose of penicillin dissolved in 0 9 per cent 
(w/v) sodium chlonde solution, although the 
cerebrospinal fluid contained a considerable 
number of polymorphonuclear leucocytes and its 
pressure was raised Doses of penicillin greater 
than 10,000 i u invariably caused convulsions, and 
this also occurred when 10,000 i u were injected 
dissolved m sodium chlonde solution Convul- 
sions, however, occurred in only one of twelve 
dogs when 10,000 i u were mjected dissolved in 
distilled water, although there was evidence of 
irntation of the nervous system in every instance 
A rise m the pressure of the cerebrospinal fluid 
never followed the injection of penicillin in 
distilled water 

The sigmficance of these findings is discussed 
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The need for information about the fate of a 
spinal anaesthetic after its introduction into the 
spinal theca was early recognized (Miller, 1901), 
but many years elapsed before the problem was 
senously studied by a number of workers, inclu- 
ding Stout (1929), Kustner and Eissner (1930), 
Koster et al (1936, 1938, 1939), BuUock and 
Macdonald (1938), and Shields (1942) In the 
mam these workers agreed that after the intra- 
thecal injection of procame there was a rapid 
initial drop m local concentration with a sub- 
sequent penod of gradual decrement 
Evidently an anaesthetic departs from the sub- 
arachnoid space, but what is its route of departure 
There are various theoretical possibihties 

(1) Cephalic transit in the spinal cerebrospinal 
fluid to the cranial subarachnoid space with 
possible absorption by the cranial arachnoid vilh 

(2) Absorption by spinal cord and/or nerve 
roots with or without a period of “ fixation ” m 
these tissues 

(3) Transport mo the lymphatic drainage of the 
spinal theca 

(4) Absorption into the venous drainage of the 
spinal theca either directly or via spmal arach- 
noid villi (Elman, 1923) 

(5) A combination of any of the foregoing 

It IS proposed to describe a study of the fate of 
a spinal anaesthetic with special reference to its 
ultimate distribution among the tissues of the 
bodv and the routes by which it leaves the spinal 
theca 

Method of assay and anaeslliettc employed 

The method of assav had to satisfy t«o mam 
criteria (I) indifference to the nature and amount 
of the diluting media , (2) a high degree of sensi- 
tiMty the former since it was proposed to under- 
take anahses both m bodv fluids and ^a^ous 
tissues and the latter since it was not intended to 


employ disproportionate doses of the anaesthetic 
Of chemical methods the diazo-reaction is prob- 
ably one of the most sensitive for procaine assay , 
Kustner and Eissner (1930) and Willstaedt (1934) 
claimed sensitivities to 0 01 and 0 005 mg 
respectively for their techniques, while Bullock 
and Macdonald (1938) asserted that concentra- 
tions below 0 02 per cent were beyond their powers 
of estimation It was anticipated that the tissue 
concentration after a normal spmal anaesthetic m 
the cat would usually be below any of the limits 
given above, while the gross excess of tissue 
bespoke laborious separation techniques m which 
the accumulated error promised to be large even 
if enough drug were present to render assay 
possible 

A tracer technique seemed, therefore, to be 
indicated Although theoretically any of the 
atoms of the procaine molecule is open to substi- 
tution by its radioactive counterpart, such a pro- 
cedure was found impracticable when this research 
commenced because of limited half life, uncer- 
tainty of supply, difficulties of assay, or synthesis 
with the elements normally present It was there- 
fore decided to introduce some other element into 
the benzene nucleus w'lthout radically changing the 
pharmacology of the anaesthetic The halogens 
were the obvious choice, and preliminary experi- 
ments show'ed that of these Br’*= was the most 
satisfactory Procaine w'as accordingly bromi- 
nated by the method of Morel, Leulier, and 
Denoyel (1929), the necessary hyclrobromic acid 
being prepared as described by Howarlh (1948) 
In this descnption the author made use of calcu- 
lated quantities of procaine m the bromination 
stage but subsequent expenence has shown the 
reaction to be sufficiently easily controlled to 
render this unnecessary 

The method w'as as follows the concentrated 
hsdrobromic acid basing been obtained 3 or 4 cc of 
100 sols H.O. were added to it followed bj a knife 
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point of procaine The solution in the tube promptly 
developed a yellow tinge Further procaine was then 
added and the coloration disappeared, to return again 
after a minute or two when more procaine was added 
This procedure was repeated until the reaction was 
completed In this way the speed of bromination was 
increased and the necessity for time-consuming esti- 
mations eliminated 

The bromine for these experiments was obtained 
either as KBr from the cyclotrons of Liverpool or 
Cambridge or as ethylene dibromide from the small 
or large pile at Harwell When the small pile was 
employed 3-6 ampoules each containing 10 cc of 
ethylene dibromide and 5 per cent anihne (Le Roux 
ct a! 1939, Lu and Sugden, 1939) were irradiated 
the total activity per ampoule being of the order of 
200 millicuries With the large pile (factor of 10) 
1-2 c c were irradiated After this the bromine was 
extracted as KBr by the Szilard-Chalmers technique 
(1934) 

The dibromoprocame hydrobromide CuHnBrjNjO , 
HBr (DBF hydrobromide) thus obtained was con- 
verted to DBF hydrochlonde either by the method of 
Morel el al (1929) or latterly by precipitating the 
base with N/10 NaOH, dissolving the latter in ether, 
separating and precipitating the hydrochlonde with a 
stream of HCl gas The entire operation from KBr 
to DBF hydrochlonde occupied about three hours 

Assay was carried out by means of a standard 
Dynatron X 200 scaling unit and.a counter designed 
to take 10 c c of liquid Body fluids were assayed 
directly tissues were broken down in alcohohc 
lithium hydroxide (Howarth 1949a) and suitable dilu 
tions of the suspension employed 

Preliminary studies 

Three preliminary observations were needed 

(1) Investigation of the spinal anaesthetic pro- 
perties of DBF 

(2) An assessment of the accuracy of the author’s 
method of radioassay 

(3) Study of the fate of brominated benzene 
rings in the body 

(1) DBP as a spinal anaesthetic 

Morel et al (1929) in their descnption of DBP 
did not include studies of its applications in spinal 
anaesthesia 

The anaesthetic properties of DBP were 
examined as follows six cats were premedicated 
with atropine and lightly anaesthetized with ether 
each received 10 mg DBP, HCl mice H„0 at 
40° C by lumbar puncture and the ether adminis- 
tration was then discontinued 

All showed relaxation of the anal sphincter 
(lower sacral block), loss of knee jerks (lumbar 
block) but no obliteration of the elbow jerk 
(lower cervical roots) The hindlimbs were atonic 


and could be placed in exaggerated postures On 
recovering consciousness all the ammals appeared 
paralysed from the lower costal margins down- 
wards , they dragged their hindlimbs They dis- 
played no interest in violent stimuU administered 
to their hindlimbs, contrary to the effects of 
similar stimuli to their forelimbs In one animal 
there was evidence of some degree of intercostal 
paralysis as shown by reduced thoracic and 
increased diaphragmatic excursions All the 
animals recovered completely and walked per- 
fectly within 24 hours None showed tail droop 
after this penod It was concluded that DBP was 
a powerful spinal anaesthetic but with limited use- 
fulness owing to its low solubility Although only 
six cats were examined under these controlled 
experimental conditions, the author has admin- 
istered DBP to some 200 cats and six monkeys 
without producing any persistent ill effects except 
in four cases, and in at least two of these a persis- 
tent paraplegia was due to haematomyeha after 
lumbar puncture 

(2) Accuracy of radioassay 
In order to investigate this an anaesthetized cat 
received 0 5 c c of a DBP, HCl solution by lumbar 
puncture Six samples of cerebrospinal fluid were 
collected and each assayed by the author and 
by Dr K Bullock, who kindly undertook the 
chemical estimations The basis of the latter was 
diazotization and coupling followed by photo- 
colorimetry Standards prepared gravimetrically 
were also separately assayed The results showed 
a satisfactory agreement (Table I) 


TABLE I 

CONCENTRATION OF DIBROMOPROCAINE HCL IN SUCC^IVE 
SAMPLES OF CEREBROSPINAL FLUID (G /KW C C ) 


Sample 

Number 

Estimation 

Diazo 

Dr Bullock 

Estimation 

Radioassay 

Author 

1 

0 043 

0 050 

2 

0 037 

0 041 

3 

0 022 

0 024 

4 

0 011 

I 0 012 

5 

0 005 

0 0041 

Vol of CSF 1 

1 

0 02 c c 

assayed j 

1 

0 I CC 


Estimation of a standard solution (g/IOO cc) 

Gravimetnc nnio 

Diazo assay 

Radioassay OOio 

In later experiments closer agreement has been reached 
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(3) Fate of DBF 

On account of its great stability it is unlikely 
that DBP suffers removal of its nuclear halogen 
atoms during its sojourn in the body (Fromherz, 
1928 , Williams, 1947) Nevertheless, from the 
point of view of laboratory manipulation, stability 
of a halogen attached to a benzene nng within an 
organic compound is influenced by the arrange- 
ment of the various groupings about such a ring 
Thus it was expedient to investigate the drug from 
this point of view, smce the removal of a large 
proportion of tagged atoms would severely reduce 
their value as a tracer for this molecule 


The method was as follows 


An anaesthetized cat received by the preaxial vein 
of the forehmb 0 1 g. DBP in 20 c c water, injection 
being made slowly so as to avoid cardiac or respira- 
tory depression After two hours the animal was 
sacnficed, ihe abdomen opened, and the unne aspirated 
from the bladder , 1 c c of the unne was placed m 
each of five small tubes To each of these were added 
2 c c of a NaBr solution to serve as a earner, and to 
four of them 0 5 c c of a saturated solution of 
AgNOj The precipitate of AgBr was filtered off and 
washed thoroughly, the filtrate being made up to 
10 cc and subjected to radioassay The figures 
obtained were compared with those denved from the 
tube containing no AgNOj The results (Table II) 
showed that most of the bromine atoms in the unne 
did not exist as lonixable bromine, but as bromine in 
organic combination The last two lines of the Table 
indicate that the anaesthetic itself, prepared by the 
methods desenbed did not contain lonizable bromine 
It has been shown recently that even after five days 
the unnary bromine exists chiefly as bromine m 
organic form 


TABLE II 

This table shows that the radioactivity of urine after 
intravenous dibromoprocaine hydrochlonde was not 
reduced by treatment with sodium bromide (earner) and 
silver nitrate followed by filtration The radioactive 
bromine atoms have not been precipitated by the silver 
nitrate, therefore the bromine is organically bound 
The last two lines show that there is no lonizable bromine 
in the anaesthetic itself 


Exp 

No 

Contents of tube (c c ) 

Stan- 
dardized 
counts 
per min 

Unne 

Silver 

nitrate 

Sodium 

bromide 

DBP 
HCl soln 

1 

1 

0 

2 

0 

684 

2 

1 

05 

2 

0 

642 

3 

1 

05 

2 

0 

651 

4 

1 

05 

2 

0 

656 

5 

1 

05 

7 

0 

684 

6 

0 

05 

2 

I 

160 

7 

0 

0 

2 

1 

165 


Statistical error 4% S D 


Note on interpietation of results 

The concentration of DBP hydrochloride m an 
aqueous solution was estimated by comparing its 
counting rate with that of a standard of known 
concentration In the tissues, however, procaine 
and probably DBP is broken down into a number 
of products (Burgen et al , 1948 , Goldberg et al , 
1943) In the present work the results of com- 
parison with standard solutions of DBP are ex- 
pressed as pg of the latter per g (or c c ) of tissue 
This should be understood as that amount of 
DBP, HCl which would be present if all the 
benzene nuclei were incorporated in molecules 
of DBP 

Distribution in Body Fluids 

In this series of experiments it was decided to 
investigate the levels of DBP obtaining in the 
C S F , blood, and urine after intrathecal injection 

Method 

Cats anaesthetized with pentobarbitone received 
vanous doses of DBP, HCl by lumbar puncture The 
needle was left jit situ with stilette in position, but at 
fixed lime intervals the stilette was withdrawn, and, 
after permitting a few drops of C S F to escapie, the 
inside of the butt of the needle was cleaned with a 
spill of filter-paper and 0 02 c c of C S F was collected 
in a blood pipette Blood was taken at similar time 
intervals from a cannula inserted into the femoral or 
carotid artery Unne was obtained by suprapubic 
cannulalion of the urethra, the cannula being tied m 
position and led by way of a narrow rubber tube into 
a small collecting phial The phial was changed at 
15-min intervals, the last of the urine being expressed 
by gentle pressure over the bladder just before the 
change of receiver Further specimens of C S F were 
obtained from the cistema magna by means of a 
hypodermic needle passed through the atlanto- 
occipital membrane, the volume removed at each 
sampling being 0 1 c c The vanous specimens 
obtained were subjected to radioassay 

Results 

The graph (Fig 1) shows the results obtained 
from one experiment The main features are the 
rapid initial decline of the drug concentration in 
the C S F , followed by a less steep phase, the rapid 
rise of unne concentration followed by a slower 
fall, and the low steady blood level of drug The 
concentration within the cistema was usually so 
low as to render accurate assay valueless 

Five animals were studied in detail and the 
curx'es for urine, C S F , and blood found to be 
similar in form for each animal though there was 
some individual variation , thus though the decline 
of the concentration of C S F was always rapid, the 
actual rate of fall varied There appeared to be 
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Fir 1 — Dibromoprocaine levels in body fluids after 
spinal subarachnoid injection 

no simple relationship between rate of decrement 
in concentration, dose of drug, and weight of 
animal The “ bump ’ on the blood level seemed 
to correspond to the period of maximum decline 
of the C S F concentration The form of the unne 
curves presented no stnking differences except 
that the peak level varied both as regards time and 
maximum height 

Tissue Distribution 

The observation that DBF rapidly leaves the 
theca, appears m the unne in high concentration, 
and maintains a persistently low blood level made 
it of interest to study the istnbution of the drug 
among the body tissues A prehminary note of 
this study has been published (Howarth, 1949b) 

Methods 

•1 ftcr subarachnoid injection 

The cats were anaesthetized with pentobarbitone 
the carotid artery cannulated and a spnng clamp 
placed upon the vessel proximally The bladder was 
cathetenzed and a dose of DBF administered by 
lumbar puncture the needle and stilette being left 
in situ The presence of spinal anaesthesia was con- 
firmed and the animals left for a specific penod 
riftcen minutes before autopsy the bladder was 


emptied and the catheter clipped so as to collect 
within the bladder a 15-mtnute specunen of unne 
Preparation was now made for autopsy, and a sample 
of blood (1-2 cc) was taken in a small lube and 
shaken with a few crystals of sodium citrate in order 
to prevent clotting The clamp was removed from the 
catheter and the unne collected The stilette was 
withdrawn from the lumbar puncture needle and 
after allowing two or three drops of C S F to escape, 
0 02 c c of C S F was collected m a blood pipette and 
discharged with washing mto about 4 c c of water 

A iiiopsy 

Autopsy was performed in the usual manner, special 
efforts being made to prevent loss of blood 
The spinal cord was removed complete with mem- 
branes whilst the animal was still alive, so as to reduce 
post-mortem absorpUon of DBF remaining m the 
cerebospinal fluid The dura mater was stnpped from 
the spinal cord and the roots of the cauda equina 
divided close to the cord and retained for assay One 
centimetre of cord was removed from the lumbar 
region at the site of introduction of the DBF Neither 
roots nor cord were cleaned, and consequently some of 
the administered anaesthetic adhered to their surfaces 

Removal of samples 

In removal of specimens from an organ adherent 
blood was removed from its surface and a small 
section excised, free blood being gently swabbed from 
the cut surface An endeavour was made to remove 
the same portion of each organ tn each expenment 
A list of samples is appended with relevant notes 

Cord and roots (see above) 

Sciatic nerve in its enbrety 

Medulla oblongata from the level of the atlas to 
the lower border of the pons 
Spleen about half an inch from its left-hand 
extremity 

Lner A portion from the middle of the antenor 
surface of the nght lobe 

Bile aspirated from gall-bladder after liver specimen 
had been removed 

Kidney This was incised along the convexity and 
the organ decapsulated by pressing it through the 
incision The kidney was divested of cortex with a 
razor blade starting at the attachment of the ureteric 
pelvis which marks the cortico medullary junction 
Cortex and medulla were assayed separately 
Muscle The bellies of the left hamstrings 
Lung Lower quarter of the right lung 
Gut contents These consisted of the contents of 
the third part of the duodenum and were extracted by 
massage of the isolated length of gut held over a 
watch glass 

Gut A portion of the second part of the 
duodenum 

Tlnroid and testis (or oiaty) in their entirety 
Skin A portion from the scalp shaved pnor to 
autopsv 
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TABLE m 

tissue/blood ratios iCtlCa) after intrathecal injection of dibromoprocaine hydrochloride 


Weight of cat (kg ) 

Dose (g ) 

Time after injection (hr ) 

1 

3 6 

0 007 

1 

2 

0 007 

1 23 

3 5 

0 025 
25 

2 1 

0 007 

3 

1 1 

3 

0 008 

21 

I 1 

25 

0 03 

39 

2 25 

0 005 

20 

Blood* 

3 36 

5 41 

3 34 

2 73 

' 1 31 

2 86 

0 78 

Spleen 

0 26 

0 25 

0 24 

0 30 

0 50 

0,22 

2 51 

Medulla 

0 091 

0 11 

0 074 

0 13 

0 30 

0 12 

0 25 

Sciatic nerve 

0 27 

0 37 

02 

0 48 

0 84 

i 0 31 

0 63 

Muscle 

0 11 

0 1 

0 049 

1 0 067 

013 

! 0 074 

0 19 

Lung 

0 73 

0 52 

' 0 47 

0 67 

0 80 

044 

OJO 

Skin 


0 32 

0 31 

0 63 

0 93 

' 0 58 

1 29 

Thyroid 

0 49 

0 27 

0 19 

04 

0 80 


— 

Testis 

, 0 53 

1 5 

0 28 

0 54 

06 


— 

Gut 

0 34 

3 1 

0 48 

0 56 

06 


0 59 

Kidney cortex 

8 43 

1 9 3 

62 

72 

1 3 


3 40 

Kidney medulla 

64 

43 

26 

1 27 

1 5 


1 80 

Liver 

23 

28 

1 7 

1 4 

1 1 


1 35 

Bile 

6 73 

26 6 

72 

8 6 

9 8 


57 

Unne 

83 

' 27 

24 

133 

4 


15 7 

Cord* 

38 3 

26 

26 

84 

064 


0 55 

Roots* 

163 

94 

76 

76 

1 6 1 


0 87 

CSF * 

103 

37 

19 7 

22 

1 3 1 

1 7 

— 

Duodenal contents* 

Error ± 

1 6 76 

; 3^% 

' 92 

72 

18 3 

1 

! 

None 

3 6 

1 



* Expressed as //g /g 


Estimation 

Specimens were placed on watch glasses on a tray 
over which a %\et cloth was suspended in order to 
reduce evaporation The specimens were weighed 
within a few minutes of removal from the body, the 
smaller organs — i e , thyroid, nerve roots, and ovary — 
being weighed immediately Assay was undertaken 
as described above 

Results 

Table III shows the results obtained from seven 
animals The drug concentrations found in C S F 
cord, roots, and duodenal contents were not 
directly dependent upon blood concentration, and 
these were expressed as /c c or /xg /g of tissue 
The rest of the tissue concentrations were ex- 
pressed as the ratio between mass of drug per 
gramme of tissue and mass of drug per c c of 
blood [CtjCa ratio) 

The blood contained in the vascular bed of the 
organ under consideration could not be satisfac- 
tonly removed Thus each assay included an 
unknown modicum of drug in the blood of its 
vascular bed This capillar}’ volume could not be 
expected to remain constant in different animals 
Furthermore, the doses of drug and the time inter- 
\als before autops\ were also varied, and hence 
consistent results were not anticipated This diffi- 
cuUv has been mentioned bv Wallace and Brodic 


(1937) m their estimations of tissue iodides and 
thiocyanates 

Of all the tissues examined, apart from those in 
direct contact with the drug in the C S F , only liver 
and kidney showed a tissue concentration above 
that obtaining in the blood (tissue /blood ratio) 
Of these the kidney values were much the higher, 
and in the majonty of the assays the cortex 
showed a higher concentration than the medulla 
The concentration in the duodenal wall appeared 
puzzling and erratic until it was found that the 
bile contamed an appreciable amount of DBF It 
IS interesting to note that both blood and C S F 
contained detectable amounts of DBF 39 hours 
after its injection 

The concentrations found in the cord and roots 
show special features In all but one expieriment 
the drug concentration W'as low'er m the cord than 
in the C S F , but the roots always contained a 
higher concentration of drug than the cord It 
appeared that the roots and not the cord were 
capable of concentrating the drug from the C S F 
in w’hich they were bathed 

The medulla oblongata showed a very constant 
tissue/blood ratio, and such constancy w'ould not 
be expected had the drug ascended within the 
spinal subarachnoid space to any significant 
extent The tissue distribution after intravenous 
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TABLE rV 

tissue/blood ratios (CtICa) after intravenous administration of dibromoprocaine hydrochloride 


( 

I Values for CtfCa after intravenous injection 


Weight of cat (kg ) 

Dose (g ) 

Time after injection (hr ) 

2 5 

0 036 
, 1 20 

3 75 

0 17 

70 

2 5 

0 092 

4 

2 6 

0 05 

2 

25 

0 078 

4 

1 3 

0 12 

1 2 

Spleen (0 25) 

0 27 

0 49 

0 28 

02 



Medulla (0 11) 

0 14 

0 19 

0 14 

0 12 

0 18 

01 

Sciatic nerve (0 33) 

04 

05 

0 33 

0 38 



Muscle (0 08) 

0 14 

Oil 

0 11 

009 



Lung (0 57) ' 

0 81 ' 

0 75 

1 071 1 

04 ' 

06 ' 

0 55 

Skin (0 47) 

0 53 

0 87 

0 30 


0 57 


Thyroid (0 34) 

0 34 


0 53 

0 28 

05 


Testis (0 41) 

0 78 

1 0 65 

0 71 

0 46 



Gut 

0 93 

031 

0 08 

0 55 



Kidney 

5 75 

1 23 

1 71 

24 



Liver 

26 

0 38 

0 32 

1 23 

1 06 

1 46 

Bile 

None 

066 

25 6 

6 02 



Urine 

39 

0 27 

30 2 

30 6 



Cord 

014 

1 0 17 

0 05 

0 045 

012 

006 

Roots 

0 27 

044 

0 24 

022 

0 41 

0 26 

Blood (mean level 3 54 jig /g ) 

1 

22 1 

4 52 

1 

33 

43 9 

11 4 

38 8 


Figures in parentheses are mean ClJCa ratios after intrathecal ipjectlon 


injection was also studied in order to ascertain 
whether any difference existed between root and 
cord concentrations, and to study the effects on 
tissue /blood ratios of higher blood levels 

The drug was injected into the preaxial vein of 
a forehmb and assays of organs made at various 
intervals The results are tabulated (Table TV) 
It will be noted that four animals were studied in 
detail, but that estimations were made of tissue/ 
blood ratios for cord and roots in six animals 
For convenience of reference the mean tissue/ 
blood ratios for the intrathecal analyses are 
included m the left-hand column In this senes 
of means, the 21-hour-penod results are not 
included , means have not been provided for gut, 
bile, liver, kidney, or urine, since these results 
were variable, depending largely upon the state of 
the animal and the time interval between admims- 
tration and sampbng In a similar way no means 
are tabulated for cord and roots since these values 
are mainly dependent on the concentration of drug 
in the theca 

The results show that even after intravenous 
injecUon the roots reveal a higher concentration of 
drug than the cord On the whole the tissue /blood 
ratios after intravenous injection show a slight 
general increase, but in view of the relatively 
enormous blood levels it is doubtful if this increase 
has anv real significance 


The concentration of the drug in the contents 
of the descending colon was assayed and also the 
concentration obtaining in the bone marrow of 
the femur The values were of the order 2 fig /g 
and 0 23-0 34 (tissue /blood ratio) respectively 
Only two observations were made and no assays 
were undertaken of the entire mass of faeces the 
results merely indicated that some of the drug was 
excreted via the gut 

The concentration of drug in the cisterna magna 
was usually insignificant except in one case where 
the concentration rose to 19 f'g /cc after 
1^ hours It was of interest, since assays of the 
cervical cord were planned, to discover the origin 
of this drug in the cistema, some had undoubtedly 
risen from the lumbar regions, but it was possible 
that some had been secreted by the choroid 
plexuses 

DBF and the blood JC S F barrier 
DBF was administered by the preaxial vein of 
the forehmb, and specimens of C S F were taken 
at specific intervals from the cisterna magna Blood 
samples were taken at similar penods from the 
nght femoral vein A graph of such an expen- 
ment (Fig 2) shows that DBF circulating in the 
blood in sufficient concentration was able to pass 
the choroid plexus 

Since It had been ascertained that DBF passes 
rapidly into the blood stream and its distribution 
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Fig 2 — Dibromoprocaine appears in low concentration 
in the cerebrospinal fluid after intravenous injection 
of 132,400 of DBF, HQ (Cat 2 5 kg) 

among a number of organs had been studied, it 
became of interest to investigate the route by 
which It left the spinal theca 
The possibility of lymphatic drainage will first 
be considered 

Lymphatic drainage of the subarachnoid space 
Since the l>Tnphatics draining the region of the 
lumbar theca ultimately enter the 
thoracic duct, it \vas decided to 
cannulate this duct above the dia- 
phragm This was effected m the 
following manner Under nembutal 
anaesthesia the lower part of the 
thoracic aorta was exposed by the 
appropnatc nb resection, haemo- 
stasis being obtained by presious 
ligation of the nbs in front and 
behind the proposed resection and 
afterwards b> diathermy When the 
thorax was opened the animal was 
maintained with artificial respiration 
and the lungs were packed awa> 
from the aorta The exposure was 
extended caudall) into the costo- 
phrcnic angle, and bi, depressing the 
cupola of the diaphragm a view of 
the aortic onficc was obtained The 
parietal pleura was dissected awa\ 
from the nght side of the aorta until 
the ihoraac duct appeared like a 


white thread on the pink aortic wall The duct 
was ligated and operations discontinued for 30 
minutes < 

On recommencing the operation, the distended 
cisterna chyli could be seen at the aortic orifice The 
pleura was removed from the cistema chyli and a 
loose ligature cast around the upper part of the latter 
A large-bore, curved, and blunted intramuscular 
needle was used as a cannula, and this was dnven by 
steady pressure into the cephalic end of the cistern and 
tied m positron A male connector beanng a short 
length of cycle valve tubing was fixed into the cannula 
and the wound closed so as to leave an inch of tubing 
protruding through the chest wall The chyle flowed 
freely at first, but the cannula frequently became 
obstructed It was then necessary to empty the 
cistern by gentle aspiration with a syringe Fig 3 
shows the exposure and cannulation of the thoracic 
duct 

Introduction of DBP 

The muscles of the back are drained in part by the 
lymphatic channels which enter the thoracic duct 
(Gray, 1946), and introduction by lumbar puncture was 
thus imsuitable as a routine procedure since leakage 
into the muscles of the back was possible , in order 
to avoid this the theca was exposed where it passes 
over the sacral promontory and a narrow-bore cannula 
introduced into the subarachnoid space and tied in 
position 

Samples of chyle and C S F were taken at frequent 
intervals after introduction of DBP, HCl Since the 
maximal fall of C S F concentration occurred over the 
first 30 minutes (Fig 1) it was decided to limit the 
observations to this penod 



I 


Fig 3 — Supra-diaphragmatic cannulation of thoraac duct The chest 
has been opened A, aorta, B, intercostal anery, C, crus of 
diaphragm, D, splanchmc nerves E, curved cannula and rubber 
connector, F, tip of cannula in thoraac dua 
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Results 

Fig 4 shows that the CSF concentration fell 
rapidly notwithstanding the new method of intro- 
duction and the extensive surgery All six animals 
thus investigated showed this The quantity of 



Fig 4 — The rate of fall of the concentration of dibromo- 
procaine m the cerebrospinal fluid is rapid despite 
cannulation of the thoracic duct The concentration 
of drug in the duct is too small to show on this scale 

drug excreted by the thoracic duct was in all 
experiments too low to be represented on the 
graph Table V gives the figures for the experi- 
ment relating to curve 2 on Fig 4 It is evident 
that the total excretion by the thoracic duct is not 
a considerable factor in the reduction of drug 
concentration in C S F 

In a comparable animal receiving the same dose 
but administered by lumbar puncture, the total 

TABLE V 

CAT ^2 4 KG DOSE BY SACRAL CANNULA 12 000 
MICROGRAMMES 


Time after ! DBF in 


injection 
(min ) 

CSF 

(fig percc) 

Volume 
, (c c ) 1 

DBP 
, (Pg) 

1 

7,800 

040 

0 37 

4 

5,500 

0 30 

0 27 

8 

4,300 

0 32 

0 26 

12 

2 900 

0 50 

044 

16 

1,700 

040 

0 32 

21 

1 100 1 

0 35 

0 63 

33 

260 1 

0 50 

1 14 

55 

i 160 1 

0 25 1 

031 


Total \oIumc of chyle = 3 02 c c 
Total excretion = 4 24 /ig 

=■ 0 035% of total dose 


drug excretion m the chyle attained 24 3 fE m 
27 minutes, durmg which time the C S F concen- 
tration fell from 8,620 to 245 fig /c c 

Passage of DBP into the spinal cord 

The possibility of absorption of drug by the 
intrathecal neural elements was next considered 
Previously (Table III) it has been shown that the 
roots appear to concentrate the drug from the 
CSF but that the cord does not There is no 
information about the concentration within the 
cord substance itself, and the values obtained 
include an indeterminate quantity of anaesthetic 
clinging to the surface The technique first 
employed was that of radio-autography 

Method 

It IS a sine qua non in radio autography that the 
position of the active substance in the specimen must 
not change as a result of the application of histological 
reagents, but though the final form of DBP in the 
nervous tissues was unknown the difficulties inherent 
m the solubility of DBP, HCl itself were fully 
realized A rapid fixation of the drug in the tissues 
svas necessary to ensure that diffusion would not 
occur after death 

In an anaesthetized cat laminectomy was performed 
over the lumbar enlargement The dura was held 
apart by small haemostats The CSF was allowed 
to escape and the knee jerks ehcited A pledget of 
wool soaked in 0 5 per cent (w /v) DBP, HCl in water 
or Dale’s Ringer at body temperature was placed on 
the lumbar enlargement, absent knee jerks indicating 
the onset of anaesthesia The pledget was replaced 
every five minutes until five changes had been made 
Five minutes after the last application the spinal cord 
was clamped above and below the site of medication 
and the intervening length of cord with its attac^d 
roots removed en masse from the vertebral canal The 
cord was severed just beyond the site previously 
occupied by the wool, and using the upper clamp as a 
handle the remainder of the cord was plunged fora 
with into a Dewar flask containing liquid air The 
cord was frozen solid and the anaesthetized portion 
isolated with an ampoule saw placed upon the stage 
of a freezing microtome, and sections of 30 were 
cut The sections were laid in the centre of small 
cells constructed upon coverslips and flattened with a 
spatula The coverslips were placed immediately on 
a metal plate kept “ cold ” by liquid air The cover 
slips were then transferred to small squares of Ilford 
no-screen x-ray film, resting upon small circles of 
thicker glass Each cell was placed in a typewriter 
ribbon box and stored in the refrigerator for a week 
A specimen was inspected from time to time to 
ascertain that it was still frozen to develop a film and 
to inspect the autograph produced at vanous time 
intervals Subsequently all were developed and the 
sections returned to the refngerator dunng the 
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development period when the covershps beanng the 
sections were superimposed on the negative and the 
area of darkening m the latter ascnbed to the relevant 
parts of the cord 

Figs 5A, B, and C are autographs obtained by 
this technique They exhibit a zone of radioactive 
anaesthetic surrounding and outlining the peri- 
phery of the cord. Within this zone are the nerve 
roots cut in transverse section, and to demonstrate 

A B 


D E 


them a number of sections were rinsed m water 
before placing them on the covershps Figs 5D 
and E show the results of this mancEuvre, the roots 
containing a higher concentration than the cord 
and revealing themselves as intense white spots 

Results of these autographic studies should be 
interpreted with caution since the edge of the cord 
could not be related to the edge of the blackened 
area exactly, and the apparent absence of drug in 
the centre of the cord may simply indicate a con- 
centration inadequate to affect the film (Hamilton 
1942) 

Direct estimation of penetration 

It was desirable to determine by some more 
sensiUve method whether any drug had penetrated 
into the depths of the cord 

Method 

In a number of anaesthetized cals, cannulae were 
inserted into the nght common carotid arterv and the 
sacral subarachnoid space \ dose of DBP was intro- 


duced by the sacral cannula A hypodermic needle 
was passed mto the cisteraa magna After a specific 
interval a specimen of blood was taken from the 
carotid artery and samples of C S F from both the 
cisterna and the lumbar sac After laminectomy the 
cord and membranes were removed from the upper 
cervical to the lower sacral , region bleeding being 
controlled by diathermy and haemostats The cemcal 
end of the cord was held in artery forceps and the 
entire cord lowered slowly into a Dewar flask con- 
taining hquid air The frozen cervical 
and lumbar enlargements were iso- 
lated Specimens were now removed 
from the centre of the lumbar enlarge- 
ment The cervical portion was 
returned to the liquid air to await 
attention The lumbar enlargement, 
Avrapped in gauze and Imt, was per- 
mitted to thaw until it reached a con- 
sistency suitable for cutting The 
wrapped piece of cord was held in 
the hand and the upper half-inch of 
dura was incised longitudinally on the 
ventral and dorsal aspects, the two 
flaps so formed being reflected over 
the rest of the cord by retraction with 
toothed forceps The underlying pia 
was heavily contaminated with radio- 
active DBP, and it was essential to 
avoid contact between this and the 
tissue 

The pia and penphery of the cord 
were removed by making thin longi- 
tudinal tangential slices all round in 
such a way that the ends of the slices 
overlapped The knife was washed 
and dried before each cut and the cord returned to 
the liquid air from time to time in order to maintain 
its frozen state In this way a central core of rela- 
tively uncontaminated cord was obtained which was 
severed near the projecting uncut cord 

A chrome steel cylinder having at one end a razor- 
sharp cutting edge had been prepared and was placed 
with its cutting edge against the uncontaminated cord 
By gentle screwing movements the cylinder was driven 
through When a suitable distance had been traversed 
the cord was incised around the metal cylinder just 
proximal to its cutting edge The rest of the cord was 
gently pulled away from the severed collar until a 
portion of the cord centre cut by the metal cylinder 
became \isible This was then cut through The 
central part of the cord contained within the c>linder 
was now dn\en out a few millimetres bv pressure from 
a metal rod The end of the protruding cord was cut 
off and the rest dnven out entirel>, the other end of the 
cord also being remosed The remaining nm of cord 
tissue was inspected to make sure that the cutter had 
not penetrated the contaminated pial covenng in 
order to establish this the entire nm of cord tissue 
was placed in formalin, sectioned senallv, and 
examined microscopicalK (Fig 6) AltcmatiicK the 


Fig 5 — Radioactive anaesthetic around a number of cord sections 
In D and E most of the anaesthetic has been washed away, but that 
in the roots remains These autographs were made by a crude 
technique before the advances of B61anger and Leblond (1946) and 
Pelc (1947) For details see text 
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order to eliminate this, after the previously 
described precautions had been taken, a 
small portion of each lateral white column 
of the spinal cord was removed with an ins 
knife and assayed, sections being made of 
the penpheral rim as before Examples of 
such sections are shown in Fig 7 It will 
be seen that the anterior median fissure 
has not been encroached upon The results 
of assay were comparable with those of 
former expenments 


Fig 6 


Fig 7 

Figs 6 and 7 — Sections of the remaining cord tissue after removal of 
the deeper portions (6) with a cylmdncal cutter, (7) with an ins 
knife In all sections the penpheral portions are intact 




nm was bisected transversely and the upper portion 
assayed and the lower sectioned as above 
The central nm of the cord was then weighed 
broken down in lithium hydroxide, and radioassaycd 
The cervical cord was assayed in a smiilar manner 
In some of the sections it was found that the tip 
of the antenor median fissure was included in the 
removed cord centre It is improbable that DBF 
entered the fissure in any significant amount since it 
was not outlined in the autographs nevertheless in 


Results 

The results (Table VI) show that the 
blood concentration of drug is high 
enough to be easily assayed m five 
minutes after subarachnoid injection 
There is a possibility, therefore, that the 
tissue concentrations obtained are due to 
the blood in their capillary beds rather 
than to DBF which has directly pene- 
trated the cord Studies have already 
been made of the tissue /blood ratios 
in respect of the cord after intravenous 
administration of the drug The observed 
results of the cord centre concentration 
are similarly expressed, and it will be 
seen from Table VI that the ratios cal- 
culated for this senes of experiments are far 
higher for both the cervical and the lumbar cord 
centres than the corresponding ratios after intra- 
venous injection DBF heis entered the cord by 
some route other than the blood stream, presum- 
ably through the pial membrane in the case of the 
lumbar cord 

The results recorded for the cervical cord are 
of special interest, for here it can be seen that the 


TABLE VI 

DisraiBunoN of dibromoprocaine hydrochloride within the intrathecal neural elements 
All values expressed as (ig jg or t^g Ic c unless otherwise stated 


Time (min ) i 

Dose (g ) 

5 

0 012 1 

10 

0 0033 

20 

0 0033 

20 

0 0033 

25 

0 0033 

25 

0 012 

Roots 1 

CS F lumbar ; 

Cord penphery lumbar 

Cord centre lumbar I 

Cord penphery cervical 

Cord centre cervical 

C S F cemcal 

Blood level , 

Cord centre lumbar CtICa 

Cord centre cervical CilCa 

1 1,000 

3,900 

520 

1 120 

1 17 

1 7 

3 

29 

41 4 

24. , 

320 

1,340 

138 
! 5 3 

! 05 

07 
a- 00* 

0 646 

8 21 , 

1 03 1 

1 

246 

106 

66 

26 

0 42 

2 

±00* 

0 692 

3 76 

2 39 

355 

190 

138 

58 

07 

08 
^00* 

0 78 

744 

1 03 

63 7 

273 

30 9 : 

18 

65 

05 

54 

0 877 

20 5 

0 57 

400 

203 

300 

49 

23 

1 9 

09 

27 

18 1 

0 705 


- xoo — Too imall to Mtimaic CtJCa cord ascertained m previous expenment (Tables 01 and IV) always less than 02- 
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concentration in the cord periphery is higher than 
that in the C S F which bathes it There are three 
possible explanations for this Either the drug 
has ascended from the lumbar regions via the pial 
plexus of veins, or by the neural elements within 
the cord, or the cervical cord has specifically 
absorbed and concentrated the drug locally from 
the C S F Specific concentration is unlikely in that 
It IS not a feature of the behaviour of the cord in 
contradistinction to the roots (Table III) Spread 
within the cord is hkely, smce Bnerley and Field 
(1948) have shown that phosphorus injected into 
the sciatic nerve can be found in the upper reaches 
of the spinal cord This passage upwards in the 
deeper parts of the cord is probably not within the 
deep veins, since these drain transversely into a 
superficial longitudinal venous plexus (Mettler, 
1942) and do not travel the length of the cord 
within its substance It is the results obtamed for 
the cervical cord centres that make some degree 
of cord penetration by a spmal anaesthetic reason- 
ably certain 

It will be seen that tissue/ blood ratios for cord 
centre and cord periphery have been compared 
with tissue /blood ratios estabhshed for the entire 
cord It IS possible that tissue /blood ratios for 
cord centre and cord periphery differ In order 
to elucidate this a monkey received an intravenous 
dose of DBF and the ratios were ascertained for 
both the central and penpheral parts of the spinal 
cord They proved to be 0 21 and 0 23 respectively 

It must be emphasized that it is not possible to 
compare results obtained from different animals 
since cord diameters vary and the cutter did not 
Consequently a central core removed from a cord 
of small diameter will encroach further ujjon the 
periphery than a similar core removed from a 
cord of large diameter, and it is in these peripheral 
portions that a higher concentration of anaesthetic 
IS to be expected 

Note on fixation 

Neural fixation has been stated to be responsible 
for the decrement of drug concentration m the 
CSF further it has been claimed (Stout, 1929) 
that such fixation prevents ascent of the drug to 
the \ital centres This is untenable It has 
never been suggested that sodium phosphorus, or 
bromine suffer such fixation , none the less, com- 
pounds of these elements do not appear within the 
cephalic reaches of the spinal subarachnoid space 
in an\ significant amount after intrathecal injec- 
tion Further, the rapid appearance of these sub- 
stances m the \enous system clearh points to a 


more likely mechanism (How'arth and Cooper, 
1949) 

Of the neural elements within the theca only the 
spinal roots show regularly a capacity to concen- 
trate a spinal anaesthetic to a level above that in 
the CSF , to this phenomenon alone is the term 
“ fixation ” applied with precision 

“ Fixation ” implies retention , though this may 
occur, the total quantity of drug involved must be 
small since there is no appreciable arrest of the 
drug within the theca, the anaesthetic appearing 
almost at once m the venous drainage of the part 
In the decrement curves there is no striking differ- 
ence between those of DBF, sodium, phosphorus, 
and bromine, and there is no reason to believe 
that any of the latter three substances is retained 
within the theca (Howarth and Cooper, 1949) 
Even m the roots the total amount of DBF retained 
must be small 

The problem of neural block by the 
anaesthetic within the cord 

In the last section it was shown that DBF could 
penetrate the spinal cord, and it was of interest 
to discover whether the concentration there was 
adequate to block the pathways within the cord 
The respiratory pathway was selected for study 
According to Starling’s textbook (1936) this path- 
way conveying impulses from the respiratory 
centres to the cells of ongin of the intercostal 
nerves is situated in the deeper portions of the 
lateral columns of the cord Pitts (1940) localized 
this pathway in the anterior and antero-lateral 
columns of the cord Accordingly it was decided 
to apply an anaesthetic to the cord in an attempt 
to block this pathway 

Method 

In all 45 cats and four monkeys were examined 
Laminectomy was performed on the anaesthetized 
animal extending from the 6th cervical to the 2nd or 
3rd thoracic vertebra Bleeding was controlled and 
the dura incised along the midline between the caudal 
and cephalic extremities of the wound The dural 
flaps were removed until only a small band of the 
membrane remained on the ventral aspect of the 
cord A swab moistened with warm Dales Ringer 
was placed in the wound and a cannula was inserted 
into the femoral artery and connected to a blood- 
pressure apparatus Tambours were placed on the 
middle of the thoracic wall and upon the antero- 
lateral abdominal panetes so that thoracic and 
abdominal respirations could be recorded simullan- 
eoush 

The animal was placed upon a board with its caudal 
end elcsated through an angle of 60° Ibe ammaJ s 
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Fig S — Skeletal relationslups before application of 
anaesthetic to cerMcal cord Needle indicates the 
middle of a three-segment laminectomy 

head raised by means of a clamp fixed to 
Its lower jaw and the extension of the neck 
continued to the limit of its free movement 
Thus the lower cervical part of the cord was 
placed in the depths of the wound at the lowest 
part of the U (Fig 8) In this way spread of 
the anaesthetic placed in the base of the U was 
reduced, sparing the phrenic roots proximally 
and the intercostal nerves distally 
The smoked drum was set in motion and 
after a short interval a pledget of wool beanng 
a warm solution of anaesthetic was placed on 
the cord and replaced by a further pledget in 
five minutes This was repeated throughout the 
expenment care being taken to ensure that the 
anaesthetic had access to the entire periphery 
of the cord 


respiratory pathway was produced with 0 2 c c of 
a 0 5 per cent (w/v) procaine solution (Fig 10) 
Neither saline nor water produced such an effect 
In Fig 11 the phrenic roots were paralysed after 
cinchocame at T1 by lowering the head, and there 
was a compensatory increase in thoracic respira- 
tion Later the respiratory centre was paralysed 
and all respirat on ceased Lowering the thorax 
did not regularly produce intercostal paralysis, and 
It was necessary to inject the drug under the free 
edge of the dura into the thoracic subarachnoid 
space 

Venous drainage of the spinal subarachnoid space 

Various routes whereby a spinal anaesthetic may 
leave the subarachnoid space have been consid- 
ered, but none has shown itself in an unequivocal 
manner to be pre-eminent Since the appearance 
of the drug m the blood stream is almost immediate 
(Howarth and Cooper, 1949) it seemed that a direct 
venous drainage was the most likely route of depar- 
ture for a substance admmistered intrathecally 
Further studies have in a large measure confirmed 
this belief (Howarth and Cooper, 1949) It has 
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Results 

The results were consistent and no inter- 
ruption of the tract was observed after the 
application of DBF, procaine, cinchocame, 
amethocaine, or cocaine itself Fig 9 shows 
the end of such a trace after application of 
amethocaine followed by percaine 

Before a satisfactory interpretation could 
be attempted it was essential to discover if 
a spinal anaesthetic could produce block of 
the pathways in the cord even if it were 
placed in contact with them Thus a small 
volume of dilute procaine was injected 
dircctlv into the cord with a fine needle 
after first making a small incision in the 
pia Under these conditions block of the 
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Fig 9 —Monkey o' 7 5 kg Nembutal, 40 mg /kg I V 
1 per cent amethocaine was first applied to the cerviral 
cord After 50 mm 5 per cent nupercaine was substituted 
75 min after the onginal application the respiratory P^m- 
way was still conducting Section of the cord at the 
level of application produced cessation of thoracic 
respirauon and abdommal increase The knee jerks vvere 
obliterated The fall of blood pressure is of doubtiul 
significance, the author has observed such a fall without 
the application of any anaesthetic with the animal 
placed in the neck-extended position 
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Fig 10 — Procaine injected into the spinal cord Interruption of 
descending respiratory pathway with 0 5 per cent procaine 
A similar result may be obtained with a much less volume 
of procaine (0 05 c c of 2 per cent) 


been established that the azygos vein is an impor- 
tant channel for the venous drainage of the spmal 
theca in the cat not only for DBF but also for 
compounds of sodium, phosphorus, and bromine 

Discussion 

From the investigations here recorded the fol- 
lowing conclusions appear justifiable 

After introduction into the spinal theca, 
the concentrations of DBF, sodium, phos- 
phorus, and bromine show a rapid reduc- 
tion owing to their departure by certain 
channels The substances were found in 
the blood stream as soon as the injection 
was completed (Howarth and Cooper, 

1949) 

As regards the anaesthetic, some is 
absorbed by the spinal roots which usually 
contain a higher concentration than that 
present in the C S F The spinal cord too 
IS penetrated by the anaesthetic, though 
the concentration within it is relatively 
small and is inadequate to cause a func- 
tional transection of the cord It must 
not be assumed that this anaestheUc 
occup es the perivascular spaces, for 
although Weed (1914, 1923) has shown 
that these spaces are in direct communi- 
cation with the general subarachnoid 
space. It IS probable that the direction of 
fluid flow IS centrifugal rather than centri- 
petal (Weed 1914) Furthermore from 


King’s vork (1939) it appears that dyes 
gaining access to the cord from the 
subarachnoid space do so by a general 
permeation of the pial membrane rather 
than by local perivascular ingress The 
specific concentration in the roots 
supports the contention of Tuffier and 
Hallion (1900) that the site of action of 
a spinal anaesthetic is centred upon the 
nerve roots, a conclusion supported by 
Fitres and Abadie (1901) Smith and 
Forter (1915) assumed that the pathways 
of the spinal cord are interrupted, though 
Babcock (1925) reverted to the earlier 
view rn accordance with the opinion of 
Labat (1923) Babcock did imply that 
the cord was slightly affected, but 
Graffagnino (1926-7) denied even this 
degree of involvement, a view endorsed 
by Campbell (1926), Schutz (1928), and 
Evans (1929) Subsequently, with the 
notable exception of Sebrechts (1934), 
there appeared a reversal of opimon by 
the majonty of workers Thus Koster and Kasman 
(1929), Russell (1929), Ferguson and North (1932), 
Grodinsky and Baker (1933), and Vehrs (1934) 
concluded that the cord is in fact penetrated by 
the drug Hill and Macdonald in 1935 stated that 
spinal anaesthesia was generally accepted to be 
a root anaesthesia, but Henderson (1937) still 
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Fig 11 — Local application 1 pier cent cinchocaine to cer^^cal cord 
Head down after fi\e minutes Fall of B P obliterauon 
of abdominal respiration (phrenic roots) compensators 
thoracic increase followed bj respirator} paraljsis, probablv 
owing to arrested actisitj of respiratory centres Aniflnal 
respiravon, B P commences lo nse 
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adhered to anaesthetic cord block Romberger 
(1941, 1943) restored the status quo ante, holding 
that the pia mater denies the drug access to the 
cord This confusion seems to have arisen from 
the assumption that an anaesthetic present in the 
cord must necessarily interrupt the tracts therein 
So far as the author is aware a quantitative assay 
of the drug within the cord has not been reported 
previously, and it appears that only Harnson and 
Frank (1932) and Kunlin (1945) have blocked the 
cord bv direct injections of anaesthetic 

It was evident that no study of the causes of 
cord sequelae of spinal anaesthesia could be under- 
taken when the basic facts were so ill-understood 
The author does not suggest, however, that some 
of the peripheral tracts are not blocked during 
spinal anaesthesia, and the fine fibres of the spino- 
thalamic pathway may be interrupted, though he 
has been unable to devise a satisfactory method 
for the study of this phenomenon 

Some of the drug appears to ascend within the 
cord to the cervical regions, a route which has 
been suggested by Bnerley and Field (1948) for 
phosphorus, and some may pass upwards via the 
pial venous plexus , little passes down the sciatic 
nerves 

A small quantity leaves the subarachnoid space 
VIC the lymphatic drainage, thus confirming the 
presence of the channel suggested by Field and 
Bnerley (1948a and b) m their work with Indian 
ink 

From the blood stream the drug is distributed 
about the body tissues, but only kidney and liver 
are able to concentrate it above the blood level, 
the kidney being far more important than the hver 
in this respect The tissue /blood concentrations 
do not appear to show any significant vanations 
with large changes in blood level and tbe time 
interval before autopsy It would thus appear 
that tissue retention does not occur except possibly 
in the 20~30-hour range 

The urine provides the mam pathway of removal 
from the body, and the concentration of the anaes- 
thetic or Its end-products is much in excess of the 
corresponding blood lesels, a fact elicited by 
Burgen and Keele (1948) The blood levels them- 
sehes are consistently low The bile forms a 
subsidiary excretion channel, and, though some of 
the products may be reabsorbed by the gut, some 
appear m the faeces Some part of the drug con- 
taining benzene nuclei persists for considerable 
periods in the blood and blood DBF can pass the 
choroid plexus Of all the channels draining the 
spinal subarachnoid space, the venous route 


appears to be the most important (Howarth and 
Cooper, 1949) This is not clear m contemporary 
teaching 

Summary 

1 A radioactive spinal anaesthetic dibromo- 
procaine (DBF) hydrochloride has been prepared 

2 The spinal anaesthetic properties of thiS drug 
have been investigated 

3 The distribution of the drug about the body 

fluids after its mtrathecal mjection has been 

studied It has been shown that the concentration 
in the spinal subarachnoid space rapidly declines, 
associated with a rapid rise in unne concentration 
The blood level remains persistently low 

4 The tissue distnbution of DBF after both 

intrathecal and intravenous injections has been 

studied After intrathecal injections only the 

spina( roots regu(ar(y show any capacity to con- 
centrate the drug above the level existing in the 
cerebrospinal fluid at the site of injection Of the 
tissues examined only kidney (and urine), liver (and 
bile) appear able to concentrate DBF above the 
circulating blood concentration Large variations 
in time and dose did not produce large changes in 
the tissue /blood ratios 

5 It has been shown that DBF enters the spinal 
cord during spinal anaesthesia, though it is 
improbable that it is able to produce a func- 
tional cord transection 

6 Various routes of departure of this anaes- 
thetic from the spinal theca have been studied, and, 
of these, that furnished by the venous system 
appears in the cat to be the most important 

The author wishes lo thank Professor A D 
Macdonald for facilities in his laboratory and for the 
benefit of his advice Also Mr Robert West, now 
of A ERE Harwell for the trouble taken in the 
preparation of many radioactive samples Thanks 
are due also to the Medical Research Council which 
bore much of the financial burden of this work 
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The published investigations of the effect of 
dimercaprol or 2 3-dimercaptopropanol (BAL) 
in lead poisoning in animals have been chiefly 
concerned with acute poisoning or with toxicity 
Braun, Lusky, and Calvery (1946), Graham and 
Hood (1948), and also Germuth and Eagle (1948) 
reported that dunercaprol failed to protect anunals 
poisoned with lead acetate, and that the dimer- 
caprol-treated ammals died sooner In acute 
poisomng, Ginsberg and Weatherall (1948) found 
that dimercaprol mcreased the unnary excretion 
of lead, and altered the distnbution in the organs 
The present work was designed to estimate" the 
effect of dimercaprol on the retention of lead m 
a more chrome form of plumbisra 

Methods 

The mouse was chosen as the experimental ammal 
because the whole animal could be ashed and a 
determmation of the total lead content made Lead 
acetate was fed with a low calcium diet to male mice 
in such amounts that the maximum possible daily 
dose was 1 mg Pb per mouse The procedure fol- 
lowed was similar to that used by Tompsett (1939), 
who showed that retention of lead m mice was highest 
on a low calcium diet The lead acetate in most 
expenments was marked with a tracer of Pb’"* (i e , 
radium D) This naturally occumng isotope has the 
great advantage of being easily obtained from old 
radon tubes The lead was fed for 8 to 14 days, and 
after varying intervals of time the animals were killed, 
the stomach and intestine removed and discarded, to 
remove any lead excreted into the gut, and the whole 
carcass ashed , the ash was brought into solution with 
the minimum of acid, and made up to 100 ml with 
water Lead was then esUmated chemically in ahquots 
of the ash solution by the method desenbed previ- 
ously (Tompsett and Anderson, 1935) Where radio- 
active lead had been administered, the activity of the 
ash solution was estimated b> means of a Geiger- 
MUller counter In practice the j9 radiation of 

• The Jubilance of a pancr read to the first International Congress 
of Biochcraistry at Cambridge August 1949 
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radium D is too weak to count and the stronger 
B radiation of radium E m equihbnum with radium D 
is counted Ash samples had therefor? to be kept 
unbl the mixture reached equihbnum, a matter of 
30-40 days 

Dimercaprol dissolved m oU, or as a freshly pre- 
pared solution m salme, was injected subcutaneously 
in daily doses of 50 mg /kg mouse, either dunng the 
entire penod of adrrunistration of lead or in the 
subsequent penod 

Results 

The results obtained when dimercaprol was 
given simultaneously with the lead are shown 
m Table I The first two experimental animals 

TABLE I - 

ADMINISrrRATION OF LEAD AND DIMERCAPROL (BAL) 
SIMULTANEOUSLY 

Lead content of mice m mg /lOO g o by count b by 
chemical analysis 


Controls 

Dimercaprol 

a 

1 0 

0 96 

0 75 

1 06 
[1,92] 

b 

1 08 

1 20 

0 73 

1 11 

0 89 

a 

0 39 

0 63 

048 

0 71 
040 

b 

0 31 1 

0 56 j 

0 59 1 

0 55 I 

0 42 J 

Lead 10 
' days 

rBAL m oil 

1 8 days - 

1 Lead 14 

L days 
jBAL in sa- 
1 line 1 1 days 

Mean 0 94 

1 00 

0 52 

048 


Range 

0 73-1 11 


0 31-0 59 


S D 

±019 


±012 



received dimercaprol in od solubon daily for eight 
days, the other three dimercaprol m saline for 
eleven days The results of the chemical analysis 
show that the lead content of the mice receiving 
dimercaprol was significantly lower than that of 
the controls There is not a very close agreement 
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between the figures obtained by count and those 
by chenucal analysis, but they are of the same 
order and serve as a jaseful check For some 
unexplamed reason one of the controls, m 
brackets, gave a very high count, and has been 
excluded from the calculation .of the mean. The 
lead content is given here as mg /lOO g, but as 
the dead weights were all of the same order the 
same conclusions are reached if one compares 
mg of lead per mouse 

The lead given was approachmg a lethal dose, 
as m some similar experiments one or more of 
the animals died during administration of the lead 
When mice which had been fed lead previously 
were treated with dimercaprol the results shown 
m Table II were obtamed The first two expen- 

TABLE n 

ADMINISrRATION OF LEAD FIRST THEN DIMERCAPROL (BAL) 

Lead content of mice in mg /lOO g a by count b by 
chemical analysis 


Controls 

4 

Dimercaprol 

° 1 
1 58 

0 98 

b 

0 72 

1 08 

a 

1 17 

0 89 

i 

b 

0 92 Lead 8 days then 

7 days 

1 04 BAL m oil last 

4 days 

Mean 

1 0 90 

0 98 

1 

0 53 

0 95 (20) 
0 41 

0 45 
-(12) 
-(12) 


1 15 (17) 

0 95 (21) Lead 10 days 

0 85 (20) then BAL in 

0 50 (22) sahne 12 days 

0 61 

0 47 

Mean 

0 58 j 

0 75 


Numbers m parentheses indicate day of death 


mental animals received dimercaprol m oQ, and 
the next sl\ dimercaprol in salme This second 
senes ^\c^c fed non-radioactive lead Three of the 
control animals and four of the treated died near 
the end of the experiment on the days shown 
Two animals died before dimercaprol treatment 
was started and were not analysed Treatment 
with dimercaprol had no significant effect on the 
final lead content The figures for the second 
senes show a wide \anation owing to the \ana- 
tion m the dead weights in this senes where older 
animals were used (the pre\ious animals were all 
“20 g mice’) If the actual amounts of lead 
found in the individual mice, as shown in 


table m 

LEAD FIRST THEN DIMERCAPROL 

Actual lead content of mice m mg from Table II 
Chemical analysis 


Controls 

j Dimercaprol 

018 

023 

Lead 8 days then 



7 days 

0 26 

0 27 

1 .... 

BAL last 4 

0 IS 

022 


019 

0 24 

Lead 10 days 

0 16 

0 21 

then BAL for 

018 

0 15 

12 days 

_ 

019 


— 

016 

1 


Mean 0 19 

0 21 


Range 0 16-0 26 

0 15-027 


S JD ±0 035 

±0 038 



Table in, are compared, it will be seen that the 
variation is less, and that dimercaprol had no 
significant effect 

Discussion 

Dimercaprol did not diminish the toxicity and 
more animals died m the experimental series than 
m the control Germuth and Eagle (1948) have 
reported that the lead-dimercaprol complex is 
almost as toxic as lead itself 

Dimercaprol given during the exposure to lead 
caused less lead to be accumulated in the body, 
but how this was brought about, whether by an 
increase in excretion or by a decrease in absorption 
or by both cannot be determined from the evidence 
presented here There is some published evidence 
that dimercaprol produces a temporary mcrease 
in urinary excretion of lead both in ammals 
(Germuth and Eagle, 1948 , Ginsberg and 
Weatherall, 1948) and m man (Ryder, Cholak, 
and Kehoe, 1947 , Telfer, 1947) 

The fact that dimercaprol had no effect on the 
loss of lead from the animals previously treated 
with lead for eight to ten days provides no support 
for its use m the treatment of chrome lead 
poisonmg 

Summary 

1 Lead acetate marked with a tracer of Pb*^® 
(radium D) was fed with a low calcium diet to 
mice, and after varying periods the lead content 
of the whole animal was dcteimincd by chemical 
analysis and count of ^ radiation 

2 The lead content of mice which had received 
50 mg dimercaprol per kg daily, and lead simul- 
taneously for 10 to 14 davs, averaged 0 48 mg 
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Pb/100 g of mouse, and was significantly lower 
than that of controls receiving lead alone, which 
averaged 1 0 mg Pb/100 g 

3 When lead alone was admimstered for eight 
to ten days, subsequent treatment with dimer- 
caprol durmg a recovery period of one to two 
weeks had no significant effect on the final lead 
content 

4 These results provide no mdications for the 
use of dimercaprol m treatment of chronic lead 
poisoning 

I am mdebted to Dr Rowlands and to present mem- 
bers of the physics department of St Mary’s Hospital 
Medical School for advice and assistance with the 


estimation of the radio-acUvity I am also ihdcbted 
to Sir Jack Drummond and Messrs Boots for a supply 
of dimercaprol 
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It has been shown that dimercaprol (2 3-dimer- 
captopropanol, BAL) increases the excretion and 
alters the disfnbution of lead in rabbits when the 
dimercaprol is given less than twenty-four hours 
after intravenous admimstration of lead acetate 
(Ginsburg and Weatherall, 1948) This paper 
extends these observations to a later phase m the 
distribution of a single mtravenous dose of lead 
At this phase most of the lead remammg in the 
body was found in the bones It seemed hkely 
that dimercaprol would not have much effect on 
lead so deposited, and, at the suggestion of 
Professor J H Gaddum, the effect of parathyroid 
extract, which is believed to mobilize lead from 
bones (Hunter and Aub, 1927), was also examined, 
alone and in conjunction with dimercaprol 

Methods 

The procedure in these experiments followed that 
of Ginsburg and Weatherall (1948) with some modifi- 
caUons, as follows Pb"'” (radium D) was used as a 
tracer instead of Pb'" (thorium B), the short half- 
life of which made it useless for the present purpose 
Radium E and radium F were removed from an 
equilibrium mixture of radium D, E, and F by dis- 
placement with nickel, added as foil to a solution in 
hydrochloric acid A small quantity of the resulting 
solution of radium D and some dextrose were added 
to a soluUon of lead acetate so that the final solution 
contained 2 07 mg Pb and 2—3 microcuries of 
radium D per ml in 4 per cent (w /v) dextrose Doses 
of 10 ml /kg (i c 0 01 mM/kg) were administered 
to rabbits of both sexes and \anous breeds by injec- 
tion into the marginal \cm of one car at a rate of 
2 0 ml per min After injection the rabbits were 
placed in metabolism cages and allowed food and 
water ad hhitum from vessels placed outside wandows 
in the cages so that spilt food or water did not dilute 

V Prcjeni address Department of Pharmacolosa Um\ersii> of 
rostcl 
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Hos"'itjl Medical CoUefc 


the unne nor contaminate the faeces Faeces and 
unne were collected at first every second or third day, 
and later, during the period of treatment, daily The 
animals were killed by a blow on the occiput 13 or 
21 days after the injection of lead acetate Solutions 
of dimercaprol for injection were freshly prepared in 
66 per cent (v/v) aqueous propylene glycol Both 
dimercaprol and para^yroid extract (“Parathormone” 
Lilly) were injected into the paravertebral muscles m 
doses as indicated below 

Gmsburg and Weatherall’s (1948) procedure for 
taking and ashing samples of tissue was followed 
without modification Samples of liver, epiphysis and 
diaphysis were routinely, and of bone marrow and 
kidney were sometimes, made in duplicate Estimates 
of the concentration in other tissues were based on 
smgle samples Before estimating their radioactivity, 
samples were allowed to stand for at least five weeks 
to allow an equilibnum mixture of radium D and E 
to form because the counter used was not sufficiently 
sensitive to detect the low energy /3-rays, emitted by 
the radium D but counted the more energetic emis- 
sion from radium E The samples were diluted to a 
known volume usually 10, 25, or 50 ml , and their 
activity was measured by means of an M R C type 1 
fluid Geiger-MUller counter The total count per 
minute, corrected for the background count, with the 
counter used was linearly related to the amount of 
radioactive matenal present and was negligibly 
affected by vanations in the density of the solution 
within the range involved in these expenments The 
concentration and quantity of lead in tissues was 
calculated as before except that the amount of lead 
in bone was assessed from the mean of the values in 
all the tvpcs of bone sampled for reasons discusvcd 
below 

The standard error of the lead estimations calcu- 
lated from duplicate determinations made during the 
expenments was ±12,3 per cent The total amount 
of lead accounted for in the entire animal and its 
cxcrcUi averaged 78 per cent of the do'e, wath a 
standard deviation of ±12 per cent The discrepana 
between duplicate determinations is larger than in the 
earlier work mainlv if not entirelv because much 
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smaller quantities of radioactive tracer were used and 
the time of countmg samples was not increased suffici- 
ently to attqin the same accuracy The average frac- 
tion of the dose accounted for (78 mstead of 90 per 
cent) IS rather lower The calculation oT the total 
amount of lead in bone involves a particularly crude 
approximation, and m these experiments such a faulty 
approximation had a far larger effect than m the acute 
expenments where only 5 mstead of 25 per cent of 
the dose was mvolved The poorer recovery is clearly 
less satisfactory, but in the circumstances it does not 
appear to be so poor as grossly to invalidate the 
results obtamed 

Results 

Results are presented for the distribution and 
excretion of lead in nine rabbits, all of which 
received, by intravenous mjectton, a smgle dose 
of lead acetate containing 2 07 mg of lead per kg 
of body weight Some of the rabbits were treated 
with dimercaprol or with parathyroid extract or 
with both, as mdicated m Table III, and all were 
killed after thirteen or twenty-one days Rabbits 
receivmg no dimercaprol received mstead similar 
injections of propylene glycol (66 per cent v/v m 


water) The parathyroid extract was given m the 
mormng The dimercaprol was given at the same 
time, though mjected at a different site, and agam 
four hours later, m order to cover the penod m 
which the greatest mobilization of lead might be 
expected The experiments were conducted in 
three groups, one of which consisted of rabbits 
377 and 379, one of 378, 380, and 384, and one of 
396, 397, 398, and 399 All the rabbits within a 
group were treated at the same time, and compari- 
sons between rabbits m the same group are there- 
fore less subject to mcidental sources of vanations 
than are comparisons between rabbits in different 
groups 

The excretion of lead before treatment was 
started is shown m Table I It has been shown 
(Ginsburg and Weatherall, 1948) that, withm 
twenty-four hours of giving lead, excretion occurs 
chiefly m the unne In the present expenments, 
over a longer period, faecal excretion was usually 
two to three hme^ greater The amounts excreted 
appeared to depend to some extent on the quantity 
of excreta passed 


TABLE I 

THE EXCRETION OF LEAD BY RABBITS AFTER THE INTRAVENOUS ADMINISrRATION OF LEAD ACETATE 
(2 07 MO PB/KO ), BEFORE ANY FURTHER TREATMENT 

Excreta were collected at 10 a m The period “ Days 0-3 ” therefore ends at 10 a m on the th^ day 
after injecUon and the penod “ Days 3-5 ” runs from 10 a m on the third day to 10 a.m on the fifth My 
The excreta of rabbits 378,380, and 384 were collected and estimated m bulk durmg the first fourteen days 

and so are not mcluded m this table 


Total quantity of excreta and concentration of lead in excreta 


Rabbit No 

379* 

377 

398 

396 

, 397 

399 

Days 0-3 

3-5 
„ 5-7 

7-9 

9-11 
„ 11-13 
13-14 

ml 

162 

178 

42 

36 

112 

102 

;xg/ral 

044 

0 16 

0 37 

0 42 

0 15 
022 

ml 

194 

286 

56 

Mg /ml 

0 50 1 

0 19 

0 17 1 

ml 

1 220 

97 

198 

60 

184 

73 

I Mg /ml 

0 99 

0 82 

0 29 

023 

0 40 

0 17 

ml 

280 

192 

182 

146 

180 

52 

Mg /ml 

1 27 

0 57 

: 0 38 

0 38 
023 

0 20 

ml 

131 

38 

126 

99 

24 

56 

Mg /ml 

2 36 

1 41 

0 71 

0 37 

0 69 

0 31 

ml 

165 

67 

246 

90 

137 

45 

mb /<m 

0 97 

0 63 

0 33 

0 30 

0 42 

0 36 

Days 0-3 
„ 3-5 

5-7 

7-9 
„ 9-11 

„ 11-13 
, 13-14 

B 

125 

26 

61 

71 

124 

40 

1*6 Ie 

2 58 

3 63 

2 93 

0 31 

0 34 

0 17 

g 

35 

18 

30 

MB Is 

3 37 

4 97 

3 51 

E } 

g 

43 

119 

37 

145 

155 

68 

FAl 

Mg /g 

11 02 
12 56 

1 61 

1 16 

0 58 

0 13 

ICES 

g 

70 

83 

103 

142 

100 

45 

Mg /g 

2 34 

2 60 

1 52 

0 56 

0 40 

0 63 

g 

60 

31 

42 

155 

181 

42 

Mg /g 

7 21 

3 45 

6 24 

223 

0 98 

0 89 

g 

65 

86 

97 

125 

89 

50 

Mg/g 

1 70 

1 84 

0 80 

0 16 

0 63 

0 49 


Total percentage of the dose excreted m 14 days 


Unne 


1 

10 8 

16 9 

1 12 3 

Faeces 

— 

1 

36 1 

17 1 

32 7 


Treated with propylene gtjxol on days 8-1 1 
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Time in afler injection 


Fig I — ^The effect of dimercaprol on the excretion of 
lead in the unne and faeces 8-11 days after the 
intravenous administration of lead acetate (2 07 mg 
Pb/kg ) Ordmates Amount of lead excreted as a 
percentage of the dose administered (1 per cent = 
20 7 fig Pb/kg body weight) Abscissae Number 
of days after the mjechon of lead acetate D = 
12 5 mg /kg dunercaprol injected mtramuscularly 
I 'I Unnary excretion ■■■ Faa:al excretion 


The effects of the treatments on the ehmination 
of lead m the urine and faeces are shown m Figs 1 
and 2 When dimercaprol was adnunistered seven 
days after the lead (377), a tenfold mcrease m the 
unnary excretion of lead occurred durmg the first 
day of treatment, after which the amount fell pro- 
gressively dunng subsequent days of treatment 
The faecal lead also increased, although probably 
not significantly In the rabbits treated with 
dimercaprol on the fifteenth and subsequent days 


TABLE n 

THE CONCENTRATION OF LEAD IN THE BLOOD CELLS OF 
RABBITS POISONED WITH LEAD ACETATE DURING TREAT- 
MENT WITH DIMERCAPROL AND PARATHYROID EXTRACT 


fig Lead per g of blood cells 


Rabbit No 

Treatment (details as 
in Table IIT) 

378 

Dimcr- 
j caprol 

1 

384 

Para- 
thyroid 
extract j 

380 

Dimercaprol 

and 

parathyroid 
, extract 

Immediately before ! 
treatment ' 

0 16 1 

1 

0 50 

0 IS 

3 hours after first 

1 



dose 

<0 05 

0.26 

0 07 

24 hours after first 




dose 

009 

0 20 

I <007 

dajN after end of 
treatment (i c , at 
dcathl 

; 0 19 

0.21 

1 

t 

i 

j 0 07 


after the admmistration of lead (378 and. 396) 
there was an mcrease m the concentration of lead 
m the unne and faeces This was accompamed 
by a diramution m the quantity of excreta, so that 
there was no mcrease m the total amount of lead 
excreted A shght fall of doubtful significance 
occurred m the total amount of lead excreted by 
the rabbits treated with parathyroid extract or with 
dimercaprol and parathyroid extract, probably 
owing to the diminution m the quanhty of excreta 
which also occurred m these rabbits Rabbit 399 
developed acute retention of urme dunng the days 
precedmg death, when over 400 ml of urme was 
found in the bladder No cause for this retention 
was apparent, but it accounts for the large amount 
of lead recorded as excreted on the twenty-first 
day 


20 

1-0 


2-0 
I 0 


ri)«Vrf.(ml)73 42 El IR 4S 25 19 21 

F»««W-tS-)65 S3 93 23 42 4S 80 22 RaM,,, 398 

No trcaliiient 


triMlotiBl) 42 21 52 32 32 42 18 29 

81 f,i 57 20 24 74 60 , 38 * 

[TmlBMtt P P P r» 1 1 

* * Paralliyroid 

cxlracl 


20 

14) 

0 

24) 

14) 

0 

20 
1 0 
0 
241 
I 0 
0 
241 
10 
0 


rri« 1 J.(BL) 50 61 81 71 75 35 36 56 

60 83 38 16 23 76 28 Rabbit 397 

Irotont P P P Paralliyroid 

extract 




rri«1ri.(ru ^8 40 47 10 II 21 31 46 

rtfmULfeiyn 59 73 26 26 19 26 35 

DO on nn nu Rabbn 378 

Dimercaprol 


52 

FjfmULtf.) 15 
TrralB^l 


12 39 11 13 1 42 79 42 

45 7 11 16 17 24 

1)1) 1)1) 1)1) Tin 


1,2 14) IT) 70 31. 

r«PrrillL(t) 91 90 65 "2 21 

1)1) nn 1)1) DD 

i> p I 



nabbit 3 % 
Dimcrcoprol 


^ Rabbit 380 
Dimercaprol 
and 

Pariilijroiil 

< xirarl 


Irti.liJ fcL) 15 80 

l.*rT,llL ('»-.() .2.3 


1)1) iTi) 111) nn 

p p 


16 120 
19 15 



Rililiit 399 
Uimi mjiml 
lint 

Paralfuroiil 

txirart 


11-11 ll-i; IJ-lt. lO-l- |- IB IM, :n;i 


Tlim in .law nfii r injcll >ii 

Fig 2 — ^The effect of dimercaprol and parathyroid 
extract on the excretion of lead in the unne and 
faeces 15-18 days after the intra\cnous administra- 
tion of lead acetate (2 07 mg Pb,1 g ) Ordinates, 
ab'cissac, and symbols as n Fig I P — 8 uniuT g 
parathyro d extract injected intramuscularly 
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TABLE m 

THE EFFECT OF TREATMENT WITH DIMERCAPROL AND PARATHYROID EXTRACT ON TftE CONCENTRATION OF LEAD 
IN THE TISSUES OF RABBITS THIRTEEN AND TWENTY-ONE DAYS AFTER THE INTRAVENOUS ADMINISTRATION OF 

LEAD ACETATE (2 07 MO PB/KO ) 


Micrograinmes of lead per gramme fresh weight of tissue 


Time after 
giving lead 

13 days j 

21 days 

Treatment with 
parathyroid extract 

None 

None 

None 

None 

8 u /kg /day on 
days 15, 16, and 17 

8 u /kg /day on 
days 15, 16, and 17 

Treatment with 
dimercaprol 

None 


H 

12 5 mg /kg twice 
dafly, days 15-18 

1 

1 

None 

12 5 mg /kg twice 
daily, days 15-18 

Rabbit No 

Imt wt., kg 

Fmal wt , kg 

3799 

140 

377J 

1 50 

398a 

2 02 

1 90 


396a 

1 82 

1 65 

384a 

1 70 

1 80 

3979 

206 

1 80 

3809 

1 90 

1 80 

399a 

202 

Plasma 

Blood cells 

Spleen 

Bone marrow 

Liver 

Bile 

Pancreas 

Colon 

Colon contents 
Kidneys 

Adrenals 

Gonads 

Seminal vesicles. 
Uterus 

Lungs 

Skeletal muscle 
Diaphysis 

Epiphysis 

Ribs 

Vertebrae 

Skull vault 

Bram 

Skin 

0 06 

2 25 

98 

30 
<1 54 
<017 

0 07 

0 34 

0 63 
<1 45 
<0 95 

<016 

0 42 

0 02 

90 

96 

76 

11 9 

98 
<0 09 

0 12 

0 02 

0 72 
344 

60 

4 1 

0 87 

0 19 

0 14 

0 29 

1 68 
<0 48 

0 50 

014 

0 05 

5 3 

12 6 

10 3 

11 5 

15 0 

0 17 

0 10 

<0 16 

0 62 
<0 64 

3 50 

1 9 

<0 64 

<0 07 
<0 30 

0 67 

<0 13 
<0 09 

5 1 

12 9 

19 0 

12 8 
<0 13 

0 20 

i <0 09 

0 19 

0 30 
<0 25 

0 62 

1 0 

<0 08 

0 01 

0 03 
016 
<1 14 
<0 64 

<004 

0 83 
<0 01 

3 8 

57 

67 

62 

10 4 

012 

on 

<022 

0 34 
<1 30 

7 0 

20 
<2 9 

<010. 

<012 

0 45 

1 86 

<0 09 _ 
26 

80 

97 

5 5 

<0 12 
<015 

<0 10 1 
0 21 
<0 90 

46 

3 3 

0 33 

<0 45 

0 03 

004 

0 53 

<2 07 
<064 
<011 

002 
<0 02 

70 

10 9 

10 0 

10 0 

78 

010 

0 10 

<0 13 
<0 27 
<0 83 

42 

22 

<10 

<0 08 
<015 

0 55 

0 34 

0 13 

3 5 

52 

78 

50 

015 
<0 14 

<0 05 

0 07 
<0.23 

1 10 

47 

0 59 

<0 15 

0 01 
Oil 

0 27 
<0 87 
<0 55 

<0 06 
<0 02 
<0 01 

44 

3 5 

64 

54 

12 5 
<0 02 

0 10 

<016 

0 35 
<1 50 

2 70 

1 4 

<2.21 

<012 

0 50 

0 20 
<0 07 

1 4 

25 

1 5 

26 

Oil 

0 30 


The effects of the treatments on the concentra- 
Uon of lead m the blood cells are shown (for 
three rabbits) in Table II After the first treatment 
with dimercaprol, or parathyroid extract, or both, 
the concentrations of lead m the blood cells fell 
by one-half to two-thirds They remamed low 
dunng treatment and afterwards, if anythmg, 
tended to rise The counts were very low and 
were prolonged to give an accuracy of only ± 
per cent, so that even the imhal fall is barely sig- 
mficant The correspondmg sample of plasma 
contained no lead, or too little to be detected— l e , 
less than 0 3-0 4 microgramme per gramme in tne 
samples taken before death and less than 0 1 micro- 
gramme per gramme in the samples taken at 

death 


The concentration of lead in microgrammes per 
gramme of wet weight of tissue and the ^rcen ge 
of the dose found at death (i e , three days a er 
the end of treatment) m vanous organs Md cal- 
culated for various Ussues are shown m Tables lii, 
IV, and V In the previous paper m this seriK, 
Gmsburg and Weatherall (1948) ^al^u at^ tl^e 
amount of lead m bone from the concentra i 
diaphyses, because the concentration of lea 
bone marrow was much higher and it was - 
tarn to what extent the marrow preset in , 

sbees of the cancellous bone of the samp 
epiphyses was raismg the concentrabon 
the present expenments the concentraU 
in the epiphyses was much ’“^her Aan 
centrabon m either marrow or diaphyses 
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TABLE rv 

THE EFFECT OF TREATMENT WFIK DIMERCAPROL AND PARATHYROID EXTRACT ON THE DISTRIBUTION OF LEAD IN 
rabbits THIRTEEN AND TWENTY-ONE DAYS AFTER THE INTRAVENOUS ADMINISTRATION OF LEAD ACETATE 

(2 07 MG PB/KG ) 


Percentage of dose in entire organ or tissue 


Tune after j 

giving lead j 

13 Days ! 

21 Days 

TTalrnent \nth j 

None 

None 

None 


! 

8 u /kg /day on 

8 u /kg /day on 

parathyroid extract] 

None 

days 15, 16, and 17 

days 15, 16, and 17 



12 5 mg/ 








Treatment with 

None 

kg twee 

None 

12 5 mg /kg twee 

None 

12 5 mg /kg twee 

dimercaprol 

daily. 

daily, days 15-18 

daily, days 15-18 

( 

lays 8-11 


1 






Rabbit No 

3799 

377<J 

3985 

3789 

396a 

384J 

397$ 

380$ 

399s 

Init wt , kg 

1 40 

1 50 

2 02 

1 90 

1 82 

1 70 

206 

1 90 

2 02 

Fmal wt , kg 

— 

— 

1 90 

1 60 

1 65 

1 80 

1 80 1 

1 80 

•*” 

Plasma 

0 12 

006 

<0 30 

<0 24 

<0 45 

<0 22 

<0 30 

<0 11 

<0 31 

Blood cells 

3 11 

0 62 

0 86 

020 

0 45 

0 24 

<0 30 

0 08 

048 

Spleen 



012 

<0 02 

0 01 

0 02 

<0 02 

0 02 

<0 01 

<0 02 

Bone marrow 

96 

58 

3 3 

<0 38 

6 8 

44 

40 

0 99 

25 

Liver 

3 8 

60 

22 

070 

20 

45 

28 

54 

1 3 

Pancreas 

<0 01 

0 03 



<0 01 

— 

<0 01 

— 

<0 01 

<0 02 

Colon 

0 03 

0 07 

<002 

0 01 

<002 

0 01 

<0 02 

0 01 

Colon contents 

018 

012 

( <0 04 

0 01 

<0 05 

0 01 

<0 04 

004 

! 

^dneys 

1 0 24 

0 55 

0 18 

004 

014 

016 

0 13 

0 07 

0 14 

Adrenals 

<0 02 

<0 01 

— 

<0 01 

— 

<0 06 

— 

<0 01 

— 

Gonads 

<001 

0 06 

— 

<0 01 

— 

<0 02 

— 

<0 01 

— 

Lungs 

0 08 

0 03 

<0 02 

0 02 

0 26 

0 01 

0 05 

<0 01 

0 03 

Skeletal muscle 

0 50 

1 25 

<2 2 

<068 1 

<2 3 

<0 58 

1 33 

i <0 28 

<18 

Bone 

26 0 

29 2 

35 8 

19 2 

18 7 1 

27 4 

15 7 

18 7 

57 

Brain 

<0 02 

004 

<0 02 

002 1 

<0 02 

0 02 I 

0 03 

<0 01 

0 02 

Skin 

0 70 

0 52 

1 2 

0 61 

<0 87 

0 60 

<1 00 

0 57 

1 8 

Injected ear 

3 86 

15 2 

023 

0 02 

014 

0 41 

0 02 

0 59 

33 3 

Total m carcasst 

50% 

63% 

44% 

21% 

29% 

39% 

26% 

26% 

45% 

Excreted 

Unne, days 0-14 


(10 7)* 

10 8 

11 3 

16^ 

11 8 

12 3 

14 9 

92 

Unne, days 14-21 



1 1 

08 

3 2 

08 

1 7 

1 3 

3 1 

Faeces, days 0-14 

23 0* 

(19 3)* 

36 1 

33 9 

17 1 

28 9 

32 7 

27 1 

80 

Faeces, days 14-21 

— 

57 

27 

3 6 

27 

20 

3 1 

49 

Total excreted 

29% 

30% 

54% 

49% 

41% 

44% 

49% 

45% 

25% 

Total accountedf 

79% 

93% 

98% 

nra 

70% 

83% 

75% 

71% 

70% 


• Days 0-13 t Includuig hems shown m Table V 


clearly a larger part of the entire dose had been 
taken up at the ends of the bones The total 
amount of lead m bone has therefore been esti- 
mated from the mean concentration in all the 
types of bone consistently sampled, without weight- 
mg for the relative proportions of the different 
types Large maccuracies are probably so mtro- 
duced, and the figures are useful only as a rough 
check that a reasonable fraction of the entire dose 
has been accounted for 


In the first pair of rabbits (377 and 379), the 
concentration of lead m the wall of different parts 
of the alimentary canal above the rectum was 
fairly uniform, and therefore m subsequent 
experiments only one portion of the mtestme, 
the colon, was sampled The rest of the alimen- 
tary canal was the largest amount of tissue 
not exarmned m the later animals , but probably 
did not mclude more than 1 or 2 per cent of 
the dose 
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TABLE V 

THE concentration OF LEAD AND THE PERCENTAGE OF 
THE DOSE OF LEAD IN CERTAIN ADDITIONAL TISSUES OF 
RABBITS THIRTEEN DAYS AFTER THE INTRAVENOUS ADMINI- 
STRATION OF LEAD ACETATE (2 07 MG PB/KG ) ViTTHOUT 
AND WITH TREATMENT WITH DIMERCAPROL 



/ig Lead per g 
fresh wei^t of 
tissue 

Percentage of dose 
in entire organ or 
tissue 

Rabbit No 

379 

377 

379 

m 

Treatment 

Propylene 

glycol 

Dimer- 

caprol 

Propylene 

glycol 

Dimer- 

caprol 

Stomach 
Stomach con- 

0 07 

0 18 

0 06 

0 10 

tents 

0 07 

0 07 

0 11 

0 16 

Small intestine 
Small intestine 

<;0 07 

1 

014 

<010 , 

010 

contents 

0 14 1 

0 02 

004 

0 02 

Caecum 

Caecum con- 

on 

022 

013 

0 53 

tents 

0 27 

0 34 

0 63 

2.25 

Rectum 

Rectum con- 

004 

0 15 

0 01 

004 

tents 

0 66 

0 32 

044 

on 

Heart 

<0 18 

<015 

<0 02 

<0 02 

Bladder 

' 1 18 

<043 

0 05 

<002 

Spinal cord 

0 38 

0 67 

0 05 

009 

Eyes. 

<0 12 

<015 

<0 03 

<0 03 


Of the lead which remained m the body, regard- 
less of treatment and ahart from that w^ch had 
not been mjected cleanly and remained at the site 
of injection (notably in rabbits 377 and 399), 50 
to 95 per cent was found m the bones No other 
single tissue accounted for more than a few per 
cent of the dose, and only the hver and bone 
marrow contamed more than 2 per cent con- 
sistently Similarly the highest concentrabons were 
found m the bones, bone marrow, and hver, which 
generally contained 2-15 microgrammes of lead 
per gramme of tissue Other tissues rarely con- 
tained more than 1 microgramrae per gramme 
The concentration in blood cells, lungs, kidneys, 
bile from the gall bladder, and skin tended to be 
above 0 1 microgramme per gramme, whereas 
those m skeletal muscle, the alimentary canal, and 
brain tended to be below this level 
General inspection of the results shows no 
staking differences between differently treated ani- 
mals The concentrations in bone were somewhat 
higher in the untreated rabbits than m any others 
Interpretation of this difference is confused by the 
great variability of the concentration in different 
bones, by the large deposit of lead at the site of 
injection in one rabbit (399), and by variation in 
the amount of lead excreted before treatment was 
started The total amount of lead accounted for 


tended to be low when the concentration of lead 
in the bones was low , that is, as here calculated, 
there was no completely correspondmg increase 
m the amount of lead outside the skeleton in the 
treated anuAals, and the evidence that appreciable 
quantities of lead are removed from the bone by 
any of the treatments is unconvincing Other 
tissues showed no consistent differences which 
could be related to the treatments 


Discussion 

The distribution of lead m the untreated rabbits 
of this senes showed no unexpected features As 
has generally been, found in rabbits (Kisskalt and 
Fnedmann, 1914 , Lomholt, 1924 , Kehoe and 
Thamann, 1933), the excretion of lead, even after 
parenteral adimnistration, was greater m the faeces 
than m the urme after the first day or two, and 
the combined excretion amounted to about half 
the total dose m three weeks The rate of excre- 
tion roughly followed an exponential curve, and 
had reached a very low level at the end of these 
expenments Even if there was _ no further 
decrease in the rate of excrgtion after three 
weeks. It would have taken a penod of the order 
of a hundred days to excrete the rest of^the lead 
m the body This residual lead was, as expected, 
mamly in the bones , and the bone marrow and 
liver were the only oth^r tissues in which concen- 
traUons usually exceeded 1 microgramme per 
gramme Little attention has hitherto been paid 
to the bone marrow as distmct from bone (cf 
Gmsburg and WeatheraU, 1948), and the persis- 
tence of lead in theHiarrow is clearly interesting 
in relation to the mechanism by which lead pro- 
duces anaemia The present figures for the con- 
centration in muscle are lower than those of 
Kisskalt and Fnedmann (1914) and of Kehoe and 
Thamann (1933), even allowing for the difference 
in dosage but when the small quantities of lead 
mvolved are considered, the differences are not 
staking nor surpnsing ^ In the central ner- 
vous system the discrepancies are larger Kehoe 
and Tbamann’s method was unreliable (Kehoe, 
Thamann, and Cholak, 1935) and their figwes 
very vanable and may be disregarded Kisskai 
and Fnedmann consistently found concentration 
several hundredfold higher than those reports 
here With quanUties of the order involved, me 
rehabihty of their method is perhaps qu“honab^ 
In more acute poisoning, Weyrauch ® 

to defect any lead in the brain of 
hours after the intravenous mjecUon of lead rmrai 
(12 mg Pb/kg), though the sensitiwty of ms 
method was not sufficient to exclu^ 
tions of the order quoted here and Gmsburg 
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Weatherall (1948) found slightly higher figures at 
SIX and twenty-four hours after injection than the 
present ones On the whole it appears unlikely 
that concentrations of lead much exceeding 0 1 
microgramme per gramme of tissue occur m the 
brams of rabbits after the intravenous injection of 
salts of lead 

The effects of treatment were small Eight days 
after the mjechon of lead acetate, dimercaprol 
increased the unnary excretion so that in all about _ 
an extra 4 per cent of the dose was excreted 
Fifteen days after the injection, the effect of dimer- 
caprol, if any, did not exceed 2 per cent of the 
dose Germuth and Eagle (1948) observed larger 
mcrements in the unnary excretion of lead by 
rabbits up to eleven days after the last dose of 
lead, but they had administered several doses of 
200 mg lead acetate subcutaneously and their 
rabbits therefore had a depot from which lead 
was almost certainly being continuously absorbed 
and was in addition possibly mobilized by dimer- 
caprol Even so, as here, successive doses of 
dimercaprol had a rapidly diminishing effect on 
unnary excretion, and any increase m faecal 
excretion was obscured by a dunmished output of 
faeces Dunng treatment the amount of lead in 
the blood cells decreased, and three days after 
treatment the concentration of lead m the cells 
was highest m the untreated animal of each set 
The difference m concentrations corresponded to 
a difference of about 2 5 per cent of the dose 
in the shorter experiments and about 0 5 per 
cent m the longer ones, and so was not far 
from accounting for all the extra lead excreted 
As indicated above, the bones may also have 
contnbuted a httle A decreased concentration 
of lead m the bones of rabbits poisoned with 
large amounts of lead and treated with dimercaprol 
has been reported by Lusky, Braun, and Laug 
(1948), but no quantitative details were given In 
the present experiments the vanation between 
identically treated rabbits was generally larger 
than any changes attributable to treatment, and so 
attempts precisely to account for the small move- 
ments of lead which may have occurred are 
unprofitable The data of Ryder, Cholak, and 
Kehoe (1947) and of Teller (1947) suggest 'that 
dimercaprol has rather more effect on the lead of 
the blood cells and urme m man than m rabbits 
The changes after parathyroid extract were also 
minimal There was no mcrease m the excretion 
of lead and, if anythmg, a reduction m the con- 
centration of lead m the blood cells It does not 
appear that, with the doses used in the rabbit, 
parathyroid extract has any appreciable effect on 
the distribution of lead once most of the lead is 


deposited in the bones Consequently the rationale 
of using dimercaprol and parathyroid extract 
together was not fulfilled, and the negative results 
of the combination must be attnbuted to the lack 
of action of the parathyroid extract alone This 
lack of action was a little surprismg However, 
the literature about the action of parathyroid 
extracts on lead metabohsm is conflictmg An 
mcrease m the concentration of lead in the blood 
of rabbits (Teismger, Joachim, and Kodicek, 1938) 
and of man (Schmitt and Taeger, 1937) has been 
reported, but an increase in that of the latter has 
not been confirmed (Teismger, 1938), and the rise 
in blood lead in Schmitt and Taeger’s patient was 
accompanied by far less increased excretion of 
lead than m the cases observed by Hunter and 
Aub (1927) Almost any interpretation can be 
put on these findmgs, and we have failed to find 
in the hterature any complete account of the influ- 
ence of parathyroid extracts on the distribution 
of lead in expenmental animals Further obser- 
vations are clearly desirable to estabhsh whether 
in any arcumstances parathyroid extracts really 
effect the mobibzation of lead from bones 

Summary 

1 The distribution of lead in the tissues of 
rabbits thirteen and twenty-one days after the 
intravenous injection of lead acetate (2 07 mg 
Pb/kg) has been studied by use of the isotope 

(radium D) Some of the rabbits were 
treated with dimercaprol, or parathyroid extract, 
or both, for some days dunng the week before 
they were killed 

2 Apart from a transient mcrease m the urm- 
ary excretion of lead after dimercaprol, none of 
the treatments caused any substantial change m 
the distribution or the excretion of lead 

3 About 50 per cent of the dose of lead was 
excreted m twenty-one days, predominantly m the 
faeces The bones contamed about 25 per cent of 
the dose twenty-one days after injection The bone 
marrow and the fiver were the only other tissues 
which consistently contamed more than I per cent 

4 Treatment with dimercaprol and parathyroid 
extract appears to have no useful effect m rabbits 
subacutely poisoned with lead, but confirmation 
of this findmg m other species is desirable 

We wish to thank Dr N Miller for much helpful 
advice dunng these experiments, and Mrs Irene Bell 
for careful techmcal assistance We are grateful also 
to the Medical Research Council for a training grant 
to K R.A and for an expenses grant to M W , and to 
the Therapeutic Research Corporation for a personal 
and expenses grant to M G 
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THE ANTAGONISM OF CURARIZING ACTIVITY 
BY PHENOLIC SUBSTANCES* 

BY 

G A MOGEY AND P A YOUNG 
From the Wellcome Research Laboratories, Beckenham. Kent 

(Receded July 30, 1949) 


In the course of the biological assay of solutions 
of J-tubocuranne chlonde containing p-chloro-m- 
cresol as a bacteriostatic agent it was found that 
this substance had an antagonistic action on the 
curanzmg activity This type of antagonism has 
been reported previously by Rothberger (1902), 
Mizuno (1933), and Coppde (1943), but has never 
been described for isolated mammalian tissues nor 
for pure rf-tubocurarme chloride, and in view of 
the present-day practice of using phenohe sub- 
stances as bacteriostatic agents it seemed desirable 
to mvesUgate it further Considerable confusion 
exists as to the identity of the so-called p-chloro-m- 
cresol , the British Pharmacopoeia (1948a) records 
It as 6-chloro-3-hydroxytoluene, and (S P , 1948b) 
quotes Wien (1939) as havmg estabhshed its toxi- 
city, whereas Wien used 4-chloro-3-hydroxytoluene 
which is stated to be p-chloro-/n-cresol m the 
Merck Index (1940) The p-chloro-m-cresol we 
have used is 6-chloro-3-hydroxytoluene, m p 
63-64° (the mp of the 6-chloro-compound is 
variously given as 52-66° whereas that for the 
4-chloro-compound is 46°) 

Methods 

Rat diaphragm-phrenic nerve preparations as 
described by Bfllbrmg (1946) have been used through- 
out these experiments The capaaty of the bath was 
100 c c A fresh preparation was used for each com- 
pound Our Ringer-Locke, aerated with oxygen, con- 
tamed 05 g sodium bicarbonate /hire as opposed to 
the usual 0 15 g /hire Square wave impulses of 
maximal strength and 0 34 or 6 7 msec duration were 
apphed to the nerve through a fluid electrode at the 
rate of 5 per minute and the contracUon recorded 
isotonically 

ResuJ-TS 

From p-chloro-m-cresol we traced the antag- 
omsm through the three isomenc cresols to 


phenol Toluene was too toxic to the prepara- 
tion to give any satisfactory result Next the 
antagonism was demonstrated m the dihydroxy- 
benzenes, being most potent m catechol Of the 
tnhydroxybenzenes, phloroglucmol was the only 
one in which we found the action , pyrogallol 
was too powerful a reducing agent and hydroxy- 
hydroqumone was not available Benzyl alcohol, 
salicylic acid, a- and j0-naphthol, 2 2'-dimethoxy- 
diphenyl ether, veratrole, and 1 3-dtmethoxy- 
benzene were inactive In addition to antagonizing 
d-tubocurarme, catechol and phenol reduced the 
action on a rat diaphragm of the triethiodide of 
1 2 3-tn (/3-diethylaminoethoxy) benzene (R P 
3697), of the erythnna alkaloids, ^-erythroidine, 
and dihydro-^-erjdhroidine, and of strychnine etho- 
bromide the action of which is not reversed by 
neostigmine They produced only a very shght 
antagomsm of decamethomum iodide The 
addition of catechol or phenol before or after 
tubocurarme did not affect the result 

e 

When It became apparent that the relative 
antagonistic activities of a senes of * phenohe 
compounds had to be determined, a test of 
standardized design was decided upon Essen- 
tially this was to find that dose of antagonist 
(AD66/33) which would reduce two-thirds paraly- 
sis, produced by d-tubocurarme alone, to one-third 
In practice, this was found by measuring the 
paralysis m the presence of two doses of i/-tubo- 
curarme, the doses being selected so as to produce, 
by themselves, about 80 and 50 per cent paralysis 
respectively Logarithmically spaced doses of 
antagonist were added to each dose of d-tubo- 
curanne and the paralyses displayed by the rrux- 
tures were recorded Since the relationship between 
log-dose d-tubocuranne and percentage paralysis 
IS known to be linear in the absence of antagon- 
izing substances (Fig. 1), at least between 20-80 
per cent paralysis (Chou, 1947 , Trevan, 1948) and 
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since this hneanty held within the experimental 
hmits m the presence of phenols tested at three 
or more concentrations of if-tubocurarme, the 
graphical method of mterpolation of results shown 
m Fig 2 was employed Here, degree of paralysis 
is plotted against dose of rf-tubocurarme for each 
level of antagomst By drawmg an ordinate 
through the pomt on the upper control hnes show- 
mg 66 7 per cent paralysis the percentage for each 
dose of antagonist correspondmg to this degree 
of control may be read ofif These figures may 
then be plotted against log-dose antagonist as m 
Fig 3 and the AD66/33 determined directly 
The advantages of this design of test are that 
it IS balanced about the 50 per cent paralysis point 
and that, by standardizmg the effect and not the 
dose of d-tubocurarme (cf. Blaschko et al , 1949), 
the vanation between rat diaphragms is ehmmated 
_ Statistical examination of the paralysis values 
obtained with varymg doses of antagomsts in the 
presence of the two-thirds paralysmg dose of 
d-tubocurarme has shown that for each drug these 
are hnearly related to log dose A test apphed 
to the slopes of the regression Imes for eight drugs 
gave a value of 13 47, which is not significant at 
the 5 per cent probability level Thus a common 
slope of 30 93 (per cent per tenfold dose mcrement)' 
could be given to each substance and its AD66/33 
computed Companson of the values so obtamed 
was then vahd These compansons are recorded 
in Table I and mclude activities relative to phenol, 
both weight for weight and on the basis of molecu- 
lar weights The fiducial hmits (p 95) of the rela- 



D0S£ of it-TUBOCURAWNE 


Fig 2 — Reduction of paralysis of rat diaphragm by 
■ increasing doses of catechol added to two doses of 
J-tubocurarme The vertical broken line is used to 
estimate the paralysis expected with each level of 
catechol in the presence of a two-thirds paralysing 
dose of ct-tubocurarine 


live activities are included, and show that, while 



d - TUBOCURARINE IN lOO CCM 


Pjo 1 ^Dose-response-curvc for £t-tubocuranne on rat 

diaphragm showing hneanty of regression Doses 
(in mg ) are plotted logarithmically 



Catechol 


=IG 3 —Data drawn from cxpenmen^ A 

aiustrated m Fig 2 employing 4 3 . 2 dos^ 

catechol AD66/33 is the wei^t of 
off the loganthmic scale, r^ucing 
two-thirds paralysis to onc-third 


■V. 
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TABLE I 

PHENOUC ANTAGONISTS OF TUBOCXIRARINE CHLORIDE 

Activity of antagonists estimated on rat diaphragm 
preparations and expressed as (1) AD66/33 or that 
amount of antagonist which reduces by half the activity 
of an amount of tubocuranne which by itself would have 
caused 66 7 per cent paralysis, (2) activity relative to 
phenol on a weight-for-weight basis, and (3) relative to 
phenol on a molar basis In column (2) the p 95 hmits 
are given m parentheses Hydroquinonc, guaiacol, and 
pUoro^ucinol were too weak to give an AD66/33 


Antagonist 

(1) 

AD66/33 

mg 

(2) j 

Relative 

activity 

(3) 

Relative 

molar 

activity 

Catechol 

0 30 

50 

(3 60-7 02) 

59 

p-Chloro-phenol 

0 52 

29 

(1 89^ 56) 

40 

y 

o-Cresol 

0 62 

2'5 

(1 37-4 46) 

i 28 

i 

o-Chloro-phenol 

1 36 ' 

1 I 

(0 78-1 61) 

1 5 

m-Cresol 

1 37 

1 1 

(0 76-1 62) 

1 3 

Phenol 

1 52 

1 0 

1 0 

p-Cresol 

1 64 

09 

(0 57-1 52) 1 

1 1 

Resoranol 

2 96 

05 

(0 35-0 75) 

06 

Hydroqumone 

— 

03 

0 32 

Guaiacol 


0 1 

0 13 

Phloroglucmol 


- 01 - 

OH 


the actual relationships may not be too clearly 
defined, there is nevertheless a distinct fall of 
potency down the senes The results for hydro- 
qumone, guaiacol, and phloroglucinol were simi- 
larly obtamed by extrapolation of their graphs 
The values given for these three cannot be regarded 
as more than an indication of their relative inacti- 
vity, however, as at high concentrations their 
paralysis-dose curves flattened out and with hydro- 

^mone there was a comphcattng contracture of 
the diaphragm 

The results m Table I are essentially sunilar to 
those quoted by Coj)p6e (1943) There does not 

appear to be any relationship between structure 
and action 

to order to mveshgate the absolute relationship 
etween antagonist and d-tubocuranne, an alter- 
native method of treatmg the information obtamed 
rom these tests was employed The reduction in 
para ysis produced by the addition of antagomst 
o a given dose of tubocuranne may be regarded 
w eqmvalent to the removal of a portion of the 
tubocuranne The mean slope of the paralysis /log 


dose d-tubocurarme regressfon line for the dura- 
tion of the experiments was computed as bemg 
252 If the paralysis produced by a known dose 
of d-tubocurarme be measured and its value 
plotted agamst log-dose, a line possessing the 
standard slope may be constructed If, now, the 
paralysis be reduced by the addition of antagonist 
to the bath, the dose of tubocuranne which by 
itself would be expected to cause this smaller 
paralysis can be read off the graph The differ- 
ence between this dose and that in fact present 
may be regarded as the quantity of tubocuranne 
“neutralized” by the dose of antagomst Each 
antagonist could then be represented by a curve 
relatmg its equivalence by weight with d-tubo- 
curarme The family of curves so obtamed reflected 
the relative potencies already observed, m that they 
formed a series of parallel curves, parabohc in 
nature, lymg in order one above another on the 
d-tubocurarme scale The weights quoted above 
as AD66/33 correspond m this method to the 
weight of antagonist equivalent to 0 045 mg 
d-tubocuranne, smce this is the difference between 
the dose of tubocuranne required to produce 
two-thirds paralysis and that required to produce 
one-third paralysis 

While this method of plotting results seemed 
to indicate a constant activity of the different 
antagonists relative to one another, it was appar- 
ent that their relationship to d-tubocuranne was 

EQUIVALENT WEIGHTS OP 



Fig 4 — ^Neutralization of d-tubocurarme by catechol 
The mean doses (mg ) of d-tubocuranne are mdicated 
against the separate curves which show that the 
effectiveness of catechol mcreases as the d-tubo- 
curanne concentration mcreases 
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not stoichiometric It appeared, moreover, that 
the antagonists became progressively less efficient 
neutralizing agents as their concentration increased 
Indeed, it seemed possible that the curves were 
asymptotic, each substance having a hmiting 
weight of tubocuranne which if could neu- 
tralize under our expenmental, conditions How- 
ever, closer examination of the accumulated data 
showed that the weight of tubocurarme neutralized 
by any one dose of antagonist increased as the 
actual dose of tubocurarme increased An experi- 
ment to illustrate this point was conducted with 
catechol Fig 4 shows the mean curve for 
thirteen expenments in which the mean dose of 
d-tubocurarme was 0 187 mg , and three further 
Imes obtained when catechol was added to increas- 
ing doses of tubocuranne The latter three doses 
represented an excess of tubocuranne over the 
dose (approximately 0 275 mg ) required to produce 
100 per cent paralysis 

However, when more and more excess d-tubo- 
curanne is added a stage is eventually reached at 
which catechol will not antagonize the paralysis 
This IS reminiscent of the failure of neostigmme to 
antagonize large doses of d-tubocurarme (Fig 5) 


7 . 


— — — 
sli| 

* fO*> 

..o*. S 

d ^ re 

£**101 lie 

Fig 5 — ^Rat diaphragm m 100 c c Ringer-Locke 
Indirect maximal stimuh 6 7 msec durauon at 5 per 
min “ Prostigmin ” even at high concentrations 
fails to antagonize a large dose of d-tubocuranne 
(5 fig prosugmm normally reverses the action of 
0 2 mg d-tubocuranne ) 

which Trevan (1948) has suggested may be due to 
d-tubocurarme acting at two sites, at only one of 
which It IS reversible Very large doses of catechol 
cannot be used to antagonize large excesses of 
d-tubocuranne because at high concentrations 
catechol has a depressant effect on the muscle 
fibres 

Further study of the nature of the action of 
catechol, as given below, showed its essential dif- 
ference from the action of an anticholinesterase 
drug It has been shown that a rat diaphragm, 
stimulated through the phrenic nerve with square 
wave impulses of short duration (0 34 msec ) and 
maximal intensity, responds with a twitch, whereas 



longer stimuh (6 7 msec ) produce tetanic responses 
(Mogey and Trevan, 1948a) Fig 6 shows a dia- 
phragnl respondmg with greater and lesser -con- 
tractions to long and short stimuh and also illus- 
trates how the twitch response to short stimuh is 
altered to a repetitive response by esenne This 
artificially induced repetitive response is abolished 
by mmute doses of d-tubocurarme, doses so small 
that they do not affect the naturally occurring 



0 25/<g 5-0/ig 


Fig 6 — Rat diaphragm in 100 cc Ringer-Locke at 
37° C Alternate long (6 7 msec ) and short (0 34 
msec ) stimuh of maximal intensity at 5 per mm to 
phremc nerve Esenne changes twitch to repeUtive 
response and d-tubocuranne obhterates the arti- 
fiaally induced repeUtive response at concentrations 
which leave unaffected the naturally occumng bnef 
tetanus to long stimuh 



•la 7 — Conditions as in Fig 6 

tvntch responses while obliterating , 

ponses d-Tubocuranne fails to restore repc 
responses, but they return after a wasn 
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The pH ^I'alue of the Ringer-Locke, measured 
electrometncally, was not altered appreciably by 
either catechol or phenol at those concentrations 
which exhibited antagonism to </-tubocuranne 


Discussion 


It IS obvious that an explanation other than 
anticholinesterase activity must be sought for the 
antagonism between hydroxybenzenes and J-tubo- 
curame Coppde (1943) has suggested that it is 
due to an “ mcrease in the efficacy of the stimulus ” 
by increasing the end plate potential (I’onde lente), 
but such an explanation fails to account for all 
the facts — e g , catechol fails to restore repetitive 
responses to long stimuli after they have been 
removed by tubocuranne, it does not increase the 
response of the diaphragm to stimuli of short dura- 
tion or of submaximal intensity (cf adrenaline, 
Btilbnng, 1946) 


The antagomsm cannot be due to an alteration 
of the action of cl-tubocurarine by vanations m 
H ion concentrations, for such changes are 
extremely shght and much too small to account 
for the marked antagonism Similarly the action 
must reside in the hydroxybenzenes as such 
and not m the corresponding quinones unless 
It can be that the quinones, particularly o-benzo- 
quinone, are highly active Unfortunately none 
was available for teshng 


We have not excluded a chemical combination 
between the antagomst and J-tubocurarme such 
as has been demonstrated for congo red and 
chlorazol fast pink by Kensler (1949) but such 
combination seems very improbable 

One other hypothesis presented itself but was 
subsequently proved to be false It was based on 
the fact that the ratio of the potency of the 
dimethyl ether of ^f-tubocurarme to the potency 
of the phenolic alkaloid varies in different species 
(Mogey and Trevan, 1947, Colher et al , 1948) 
For example, the dimethyl ether is three times as 
potent as the phenolic alkaloid m the rat, while 
it IS only half as potent m the mouse This 
suggested the possible importance of the hydroxyl 
groups in rf-tubocuranne in some species (e g , 
the rat) a methoxyl group might have a greater 
anchonng power than a hydroxyl, whereas in other 
species (e g the mouse) the reverse might be true 
Perhaps the hydroxyl group of the hydroxy- 
zenes was attaching itself to the same receptor 
so relaxing the grip of the tubocuranne If 


this were so then we could have expected to pre 
diet the relative potencies of anisole, guaiacol, and 
veratrole as antagonists of d-tubocuranne and its 
dimethyl ether m the rat and mouse Such 
expectations were not confirmed^ anisole was 
extremely toxic, causing contracture, veratrole 
was inactive against both«d-tubocuranne and its 
dimethyl ether, and guaiacol gave results which 
could not be explained by this hypothesis Cate 
chol and guaiacol versus d-tubocuranne and its 
dimethyl ether on rat and mouse diaphragms are 
compared m Table III 

TABLE m - 

Catechol and guaiacol as antagonists of d-tubocurarme 
and its dimethyl ether on rat and mouse diaphragms 


A RAT DIAPHRAGM 



^/-Tubocuranne 

rf-Tubocurarme 


, chlonde 

dimethylether 

Antagonist 

0 2 mg 

0 07 mg 


Dose of 

°/ ' 

Dose of 

~ % 


antagomst 

Paralysis 

antagomst 

Paralysis 

Catechol 

None 

75 

None 

79 


0 25 mg 

52 

0 25 mg 

70 


0 5 mg 

36 

0 5 mg 

64 


1 1 Omg 

24 

1 

1 Omg 

56 

Guaiacol 

None 

83 

None 

'75 


2 Omg 

77 

2 Omg 

73 


4 0 mg 

75 

4 Omg 

73 


8 0 mg 

73 

8 Omg 

73 


B MOUSE DIAPHRAGM 


Antagonist 

i/-Tubocuranne 

chlonde 

0 375 mg 

(/-Tubocuranne 

dimethylether 

0 7 mg 

Dose of 
antagomst 

% 

Paralysis 

Dose of 
antagonist 

% 

Paralysis 

Catechol 

None 

1 

79 

None 

83 


0 25 mg 

26 

0 25 mg 

12 


0 5 mg 

8 

0 5 mg 


Guaiacol 

None 

91 

N6ne 

S9 


2 0 mg 

66 

2 Omg 

5J 


4 0 mg 

54 

4 Omg 

40 


8 0 mg 

50 

8 Omg 



The mechanism of the antagonism is s 
unexplained it is possible that the ^qIs 

in the almost universal attraction between p 
and proteins, thus causing stenc hindrance 
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Summary 

1 A senes of hydroxy-denvattves of benzene 
has been shown to antagonize the action of rf-tubo- 
curanne on the rat diaphragm 

2 The relative potencies of the members of the 
series have been expressed as the concentration 
of antagomst which reduces by half the effect of 
a concentration of </-tubocurarine which alone 
would cause two-thirds paralysis 

3 The antagonism has been shown not to be 
due to cholinesterase inhibition or alteration of 
pH It IS suggested that it is not due to a 
chemical combmation of antagomst with /i-tubo- 
curanne, but the true mechamsm has not been 
elucidated 

We are indebted to and are pleased to thank Dr 
J W Trevan and Dr A C White for their interest 
and advice, and Messrs F Huggins, D J Tulett, and 
G Downs for technical assistance We also wish to 
acknowledge the kind co-operation of Dr F C Copp 
in supplying us with some of the compounds tested 
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PERSONAL ERROR IN PENICILLIN ASSAY 

BY 

PETER A YOUNG 

I 

From the Wellcome Research Laboratories, Beckenham, Kent 
Gleceivaj October 15 1949) 


In many forms of biological testmg the intrmsic 
errors of the methods used are so great as to 
render insignificant any manipulative errors on the 
part of the assayers Some assays, however, have 
such small inherent errors as to make the personal 
factor of considerable importance This paper will 
consider the problem as met with in the course 
of four years’ routine penicillin estimations 

Method of Assay 

The test employed was that described by Pope and 
Stevens (1945-^ Standard penicillin was dissolved 
accurately to 5 u. /ml m phosphate buffer pH 6 0 , 
2 0 ml of this solution were pipetted into 20 ml of 
test broth and a range of six volumes delivered from 
the broth dilution into six tubes, each containing 
20 ml of broth Three senes of six standard tubes 
were set up for every thirty unknowns 
A typical series of volumes would be 


J 3 

1 2 

1 1 

1 0 

09 

08 

1 25 

1 15 

105 

0 95 

0 85 

0 75 

I 2 

n 

10 

09 

08 

0 7 ml 


The procedure for unknown samples was to dilute 
each sample in buffer to approximately 5 u /ml , 
further dilute this 1/11 in broth, and deliver volumes 
of this dilution into a set of six tubes The range of 
volumes employed may of course be vaned In addi- 
tion to the 10 per cent ranges illustrated above (the 
percentage indicates the average dilution increment 
between adjacent tubes) we have commonly used 
20 per cent range 20 16 13 11 09 07 ml 

30 per cent range 20 15 11 0 85 0 65 05 ml 

and, less often 

90 per cent range 60 20 14 07 04 02 ml 

After addition of the penicillin to the test broth the 
latter %vas inoculated from a suspension of Staph 
aureus (Oxford strain) Usually all the day’s tests 
were set up svith pemcilhn before beginnmg mocula- 
Uon, although this order was reversed for a few 
months only (see below) Tests were incubated over- 
night at 37° C in a controlled temperature room 
and were then read visually by moderate indirect 
illumination The cnd-point was taken as the mini- 


mum trace of growth detectable by eye, and the 
volume permitting this amount of growth was esti- 
mated to 0 05 ml and recorded as “ end-point 
volume ” With practice it was possible to recognize 
degrees of grovrth corresponding to 5, 10, and 15 per 
cent less pemcilhn than that producing an end-point 
Thus m a range of tubes with a dilution factor of 1 2 
(20 per cent range) it was possible to place the end- 
point to within 5 per cent (approx 0 05 ml ) should it 
fall between two adjacent tubes The computation of 
results was completely covered by a system of tables 
which allowed for standard and unknown end-point 
volumes, and preliminary buffer dilution of the 
unknown 

Results 

The sources of personal error in the technique 
were in the preparation of dilutions, dehvery of 
volumes, and in the reading of the tests In skilled 
hands and with the 10 per cent ranges, the stan- 
dard deviation pf a single test has often been of 
the order ±3-4 per cent Such proficiency could 
only be obtained after much expenence in assay, 
however, and even then the frame of mind of the 
worker was, of great importance if maximum 
accuracy were to be achieved 

The problem which confronted this laboratory 
at the time of its inception in November, 1944, 
was one of training half a dozen assistants m the 
technique of penicillin assay Only one had pre- 
vious laboratory experience (L B , male) , the rest 
were girls whose ages ranged from 16 to 18, of 
whom all except one had matriculated and were 
fresh from school After only one week of general 
training, including a few practice assays, it became 
imperative that some routine tests should be 
taken, although it was realized that these 
not be expected to be of great accuracy The 
demand for assays at that time was steadily mount- 
ing, and in order to make the assayers “ accuracy- 
conscious ” some simple form of “sconng their 
work was sought The method adopted was o 
test each sample submitted for assay four to eig 
times, the arithmetical mean of the results of these 
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tests being issued as the final answer Each result 
was then expressed as a percentage of the mean, 
and these percentages plotted for the assayer 
responsible When the number of tests performed 
by a worker exceeded forty m one week, only 
that number taken at random was treated m this 
way from the week’s work Fig 1 reproduces this 


chart over a period of five weeks , each chart was 
commenced during the assayer’s first week The 
improvement in the later weeks is very marked 
for some of the workers, all of whom entered into 
the competitive spirit which this companson so 
easily fostered However, it did not seem desirable 
to continue the charts alter the five-week penod, 
as the workers by then had more or less reached 
their maximum accuracy 


The percentages obtained for the preparation of 
the charts were also used to calculate the variance 
each week for each worker, and on the basis of 
the previous week’s vanances each assayer was 
assigned a weight m inverse proportion to his or 
her variance For simplicity these weights were 
reduced to simple digits The computation of the 
mean for each sample was then 
made by appropnately weighting 
each worker’s values This ap- 
peared to be particularly valuable 
when new staff were engaged to 
perform assays, as only one week’s 
practice testing was required before 
they could be assigned a weight, 
and from then on they could enter 
into the routine assays without fear 
of their mexpenence unduly influ- 
encing the results issued from the 
department Further expenence 
taught us, however, that we^- 
to-week fluctuations in individual 
variance were unaccountably high 
Consequently it was not valid to 
assess one week’s work m terms of 
the previous week’s variance, and 
the system of weightmg was dis- 
contmued 

A study of the mean variance for 
all workers each week over the 
period, November, 1944, to March, 
1945, revealed some interesting 
trends (Fig 2) Initially, the mean 
variance was very high (S D for 
single tests + 12 5 per cent) - On 
the third week, however, this fell, 
and by the fourth week had reached 
quite a satisfactory level (S D 
± 8 per cent) The value remained 
fairly steady for the next three 
weeks, but rose again to an alarm- 
mg extent dunng the eighth week, 
only to fall durmg the succeeding 
weeks to an even lower figure than 
previously obtained The point of 
mterest is that the eighth week was 
in fact the three workmg days after Christmas 
We appeared, therefore, to be recording the after- 
effects of festivities which, for five out of the seven 
staff, fell after only seven weeks’ employment 
Some of the workers had displayed greater excite- 
ment than the others about this time, and these 
were the ones whose testing demonstrated the 
greater variation No such general nse in vari- 
ance was observed around Christmas, 1945, by 
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I Worker deviation chart Results obtained by each worker 
plotted as percentages of the means for all workers Forty results 
at random taken from each week’s tests for each assayer The 
horizontal scale represents weeks Charting commenced for each 
worker dunng the first week’s work 
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from which it was obtained, and the 
vanance of these percentages was 
calculated The value so obtained 
was subject to a bias, particularly 
when only three or four results were 
used to obtain the mean value for 
a sample Nevertheless, this statis- 
tical device seemed suitable as a 
general guide To the current stan- 
dard of testing W6en new staff 
came into the laboratory they were 
allowed to spend their first week in 
general training with the apparatus 
used, and thereafter were put on to 
the testing of samples which had 
already been assayed by the more 
competent workers Their results 
on these samples were expressed as- 
percentages of the values already 
assigned and the variance of these 
percentages determined Usually 
after two to three weeks of such 
weens “ duplicate ” testing they were con- 

Fig 2 — ^Weekly vanance, mean values for seven workers Each sidered reliable enough to enter the 

estimate plotted is associated with about 200 degrees of freedom rouhne of the laboratory The 

weekly variances for six new am- 
which time the staff had naturally " settled down ” vals are listed in -Table I together with the 
to their employment general mean variance for the established staff over 

From the eleventh week onwards some deteriora- weeks of their work Fig 3 shows 

tion of the accuracy of our tests was noted This, the mean vanance for thirteen assayers for each of 
period corresponded with the introduction of 

samples from the production unit , previously we TABLE I 

had been assaying samples derived from small- weekly variance of trainees 



scale laboratory experiments The effect of this 
change was twofold First, it was necessary to 
obtain a final answer for the production samples 
as quickly as possible Second, whereas the 
laboratory experiments were conducted with great 
precision, on accurately assayed material, and the 
samples submitted for assay could very often have 
their potency predicted to some extent, the peni- 
cillin content of the samples from the large-scale 
plant was, for some time, quite unpredictable The 
effect was to oblige us to test the plant samples 
on the wider ranges, 20, 30, and even 90 per cent 
steps being used The relative accuracies of these 
ranges will be dealt with later, but it will be clear 
that the overall effect at the outset was to raise 


Each estimate is denved from 40 results drawn from the 
week’s work The general mean (for the established 
staff) IS the mean of the 5 vanances for the respective 
weeks, each denved from 100 results 


1 

I Week of testing 

General 


1st 

2nd 

3rd 

4th 

5th 

weeks 1-5 

RK 

461 

540 

327 

149 

182 

103 

SG 

388 

396 

91 

120 


85 

NB 

228 

73 

87 

58 

84 1 

104 

KD 

167 

199 

111 

101 

89 , 

111 

SR 

184 

179 

120 

98 

48 T 

115 

JP 

110 

66 

79 

117 

77 

103 


the general vanance 

After fourteen weeks’ work in the department it 
became too labonous to calculate individual vari- 
ances each week Instead the general variance was 
obtamed by taking a hundred results at random 
from the week’s work each result being expressed 
as a percentage of the mean value for the sample 


their first five vyeeks of testing It demonstrates 
very clearly that accurate testing could not be 
expected dunng the first fortnight, after which 
the vanance drops rapidly until, at four to five 
weeks, the curve markedly flattens out, and, at 
five weeks, reaches the value of 80 for the van- 
ance, which was exactljl the average value for the 
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Fig 3 — Weekly vanance during training period, mean values for 13 
workers TTie general mean is that for the established staff for the 
5th week Each estimate plotted is associated with about 500 
degrees of freedom 


general mean vanance corresponding to the fifth 
week 

It should be noted at this stage that the pro- 
cedure m the laboratory was to record details of 
samples received m a log book 
and to label the samples with a 
sample number Test sheets were 
then prepared showmg the sample 
numbers, the buffer dilution re- 
quired for each, and the volumes 
m ml to be dehvered to the test 
broth One worker would then 
prepare the buffer dfiutions of the 
samples and another, the “ tester,” 
would be responsible for dehver- 
ing the test volumes The latter 
worker would also be responsible 
for reading her own tests after 
overmght mcubation Thus the 
vanance m the results would be 
shared between the worker pre- 
panng the dilutions and the 
“ tester,” It has always been felt 
that the contnbution of dilution 
preparation to assay vanance was 
relatively insignificant, a fact more 
or less borne out by consideration 


of the effect of the range used on 
the vanance of results , this effect is 
illustrated in Fig 4, where the van- 
ance associated with different levels 
of titre (u /ml ) is plotted In general 
the samples of lower titre were tested 
on the wider ranges and these tests 
were inevitably liable to greater van- 
ance The titre range 5-100 u /ml 
IS given the variance for dned pro- 
ducts which were dissolved at con- 
centrations falling within these hnuts 
of potency These solutions were 
tested on the 20 per cent range The 
unexpectedly low figure for the 90 
per cent range was brought about 
by the fact that some of the results 
taken for its computation were de- 
nved from closer range tests, it not 
bemg possible from the records avail- 
able to say exactly which range had 
been used The vanances of 51 and 
85 for the two highest titre groups 
reflect an increase due to the neces- 
sity for senal buffer dilution in the 
preparation of samples in the higher 
of the two groups The increase, 
however, cannot be directly assessed 
as the result of Two buffer dilutions 
compared with one m the lower groups because 
the physical properties of the concentrated pem- 
cillm solutions make their measurements far more 
difficult 



TITfie PANSE UfUL. 

4 — ^Vanance related to titre of the sample and range employed for 
testmg Each vanance is derived from 80 observations 
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MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY 

Fio 5 — Daily vanance, mean results for 3 girls, 280 observations per day 


The general vanance each 
week was particularly of use 
when, for any reason, a change 
in technique became necessary 
It was found, for example, m 
October, 1945, that the variance 
had risen to an undesirably high 
level, and the cause of this rise 
was not known By an internal 
reorganizahon of the department 
it was arranged that each tester 
should perform only half the 
number of tests as hiAerto, since 
It was believed that the prevalent 
inaccuracy might be due to an 
excess of work This arrange- 
ment did, m fact, reduce the S D 
for a smgle test from ± 14 2 to 
±118 per cent, which figure 
was still considered unsatisfactory The next 
step was to introduce dehvery pipettes m place of 
blow-out pipettes for the setting up of tests The 
immediate effect of this was to raise the S D to 
±13 7 per cent, but after a week’s use of the new 
type of pipette the figure fell again to ± 1 1 8 per 
cent for the second week and ±12,2 per cent for 
the third week It appeared that the high variance 
first obtained with the new pipettes was due to 
uhfamilianty with their cahbrahon, but that after 
some practice no advantage was gamed by their 
use Finally it was decided to discontinue the 
practice, which we had adopted some months pre- 
viously, of inoculating the test broth with a sus- 
pension of Stap/t aureus before introduction of the 
peniciUm volumes We found that by moculating 
the broth after pemcillin had been added the S D 
immediately dropped to ±90 per cent , this was 
considered satisfactory for the type of assays m 
hand and no further modifications seemed desir- 
able It may be mteresting to record that when, 
some four months later, considerable impending 
reductions in staff were announced, the effect was 
to raise the S D from about ±9 7 to ±15 0 per 
cent, but that after one week it again fell to below 
±10 0 per cent This again reflected the emotional 
mterference with the accuracy of the work 

In view of the personal factor invohed in this 
form of assay I was interested to find out whether 
the day of the week on which tests were earned 
out might influence the accuracy of testing Van- 
ances were, therefore, calculated on results obtamed 
from tests performed on each day of the week 
At first a hundred results were examined for each 
dav taken at random over a 12-week penod The 
vanances so obtained did in fact show a tendency 


to reach a mimmum at the middle of the week and 
to average at more or less the same high level 
both at the beginning and at the end of the week 
Over the penod involved there were seven assayers 
who averaged seventy tests each day A similar 
analysis was made on results eighteen months later, 
when over a penod of Jen weeks three girls aver-" 
aged forty-four tests each day For each day of 
the week two hundred and eighty observations' 
were made , the vanances obtained are plotted in 
Fig 5 Again the middle of the week would seem 
opUmal from the pomt of view of accuracy, 
although here Tuesday is even better than 
Wednesday Since each sample was always 
assayed on two successive days, the vanances 
attributed to one day would be influenced to 
some extent by the preceding and following days 

Smee the' mid-week improvement in accuracy 
shown above appeared to be real it was natural 
to inquire whether any sinular relationship held 
between variance and the time at which tests were 
earned out It was possible to obtain assessments 
of the vanance figure corresponding to tests set up 
at varying times under three different sets of con- 
ditions First, dunng the peak period of peni- 
cillin assay, when testing took up three and a half 
hours in the afternoon, and approximately one 
and a half hours in the morning jlevoted to 
mg the tests The setUng up of tests dunng th« 
penod was at the rate of approximately one e 
every Uvo minutes Later, when owing to change 
circumstances pemcilhn tesUng occupied only one 
hour or less of the day, it was possible to obtain 
variances at short time intervals fa) When the 
total number of tests performed on one day was 
not greater than thirty-two, and fb) when the total 
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number was greater than thirty-two, and averaged 
about sixty These tests were all performed at the 
rate of about one per minute, and were set up on 
a 10 per cent range, while the first senes were set 
up on a 20 or 30 per cent range Fig 6 shows the 
vanance plotted against the time in minutes after 
commencement of testing It will be seen that the 
vanance always rose in the course of testing, and 


feU again towards its completion This would 
imply a subconscious timmg by the tester, which 
would give the begmnmg and end of her work a 
greater significance than the middle, and would 
entail greater concentration to the measurements 
involved Such an argument would apply equally 
to the setting up and to the reading of tests Since 
occasional check readings have usually agreed 
closely With the onginals, it would appear that the 
chief errors must enter during the settmg up of 
the tests It is probable that a form of rhythmical 
pipetting might commence once the testmg had 
been started , this would particularly affect the two 
shorter senes of assays smce the volume ranges m 
use at that time were mvanablv the same for aU 
samples Since the final increase in accuracy did 
not appear to be affected by the duration of test- 
ing, it would seem that no question of fatigue was 
mvolved Moreover the mean vanance for thirty 


tests (45 4) did not differ significantly from that 
for sixty tests (43 9) The mean variance for the 
longest series (71 1) was, without a doubt, higher 
by reason of the wider ranges used 

Discussion 

It must be admitted that many of the effects 
described above are partially confounded , for 
example, the error of one worker’s test- 
ing may be assessed only by compan- 
son with the results of other testers, 
and is, therefore, subject to error on 
that account Unfortunately, too, the 
analysis of errors between days, and 
Within days, was only completed after 
the laboratory had ceased to assay 
penicillin samples Consequently it 
was not possible to impose any design 
upon the assay procedure which would 
have yielded results free from con- 
foundmg Nevertheless the paucity of 
literature on the subject of personal 
error m routme occupations has 
prompted the author to present his 
findings 

Much mformation has been pub- 
lished on tests designed to detect acci- 
dent-proneness among varied groups 
of workers Of this, some expenments 
carried out at the request of the Flying 
PersonneLResearch Committee appear 
to be most pertment to the present 
problem Outlmed by Bartlett (1943) 
the work “IS fuUy reviewed by Davis 
(1948) in an Air Mmistry pubhca- 
tion The purpose of the experi- 
ments was to enumerate the deviations from 
-an ideal pattern of behaviour of pilots subjected to 
tests m an experimental cockpit, and to relate their 
findmgs to the subsequent accident history of mdi- 
vidual pilots In the first instance, therefore, it 
was the variance of behaviour that was being 
assessed These authors found that the number 
of deviations exceeding arbitrary Limits within 
fixed time penods rose from the beginning of the 
test, reached a maximum at about the middle, and 
fell off towards the end If the number of devia- 
tions they observed be taken to be a function of 
the variance, then such observations would parallel 
the results shown m Fig 6 
Whether the psychological mterpretations of 
their results put forward by Bartlett and Davis 
could be applied to the simple routme of peni- 
ciUm assay will not be discussed here at length 
Nevertheless, it seems hkely that there is a mental 



TIME (mins') 

Fig 6 — ^Variance at times during testing The time is measured from 
the commencement of assays for the day The three curves relate 
to different periods and represent the total penialhn assays cam^ 
out per day within each penod Each value associated with about 
45 degrees of freedom 
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process cPmmon to these extremely different types 
of behaviour, since in each the disorganization of 
skill appears to be independent of physical fatigue 
It has already been stated that the vanance for 
individual workers may change considerably from 
week to week and from day to day The mag- 
nitude of this “ vanance of vanance ” is probably 
a better guide to the efficiency of the worker than 
the mean vanance over a long penod The latter 
may, in fact, fail to reveal any significant differ- 
ences between workers Thus it has been observed 
that a worker with a mean vanance lower than 
that of her colleagues had a vanance of variance 
(variance measured weekly over a twelve-week 
period) considerably greater This type of worker 
has usually been observed to be subject to 
“ moods,” or periods of depression, between 
which their work is excellent, but dunng which 
it IS most unrehable For none of the female 
workers has a monthly cycle been observed in indi- 
vidual variance, however, but sickness, possibly of 
nervous origin, has been associated with an in- 
crease in errors One girl subject to migramous 


headaches was quite mcapable of reading her tests 
during attacks 

" Summary ' 

A method is descnbed for the estimation of the 
vanance of results obtained in the course of routine 
penicillin assays In particular this is apphed to 
investigate the effect of personal error on the 
results of the tests Its use in the control of 
laboratory technique is also mdicated 

I would Like to thank Miss Dawn Hayles and Miss 
Joyce Peacock for their assistance in many of the 
computations involved Tn this study, and to acknow- 
ledge the encouragement of my colleagues on the staff 
of the Wellcome Penicillin Unit in whose service the 
assays were earned out 
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Several investigations of the properties of nor- 
adrenahne (arterenol) have been published since 
the onginal observations of Barger and Dale 
(1910) As a hst of these is given in the recent 
paper by Luduena, Ananenko, Siegmund, and Miller 
(1949) no attempt will be made to summarize pre- 
vious work here, though the observations of others 
will be discussed m descnbing our own expen- 
ments These have been carried out m order to 
mveshgate more closely the vascular action of nor- 
adrenahne, especially Its vasodilator properties, to 
study further the effect of denervation upon its 
action, and also the vanation m the relative potency 
of adrenalme and noradrenaline m different organs 
We have had atxiur disposal synthetic /-adrenahne 
and also a sample of d/-noradrenahne kindly given 
to us by Dr M L Tainter 

The cardiovascular system 

Although It has long been known that agents 
like ergotoxine which reverse the pressor action of 
adrenahne fail to reverse that of noradrenaline 
(Barger and Dale, 1910), hitherto there has been 
no demonstration m an animal corresponding to 
the results of Goldenberg, Pines, Baldwin, Greene, 
and Rob (1948) m man These authors found that 
when the two substances were infused intra- 
venously, changes occurred which enabled them 
to calculate that adrenaline caused a decrease of 
the general penpheral resistance, whereas nor- 
adrenahne caused an mcrease Barcroft and 
Konzett (1949) mfused the two substances intra- 
venously in man, and found that, whereas nor- 
adrenaline caused a rise m systohc and diastolic 
pressure with a slowing of the heart rate, adrenaline 
caused a smaller rise m the systolic pressure and a 
fall m the diastolic pressure with a quickemng of 
the heart rate 

Action on blood pressure — ^The depressor action 
of adrenahne descnbed by Moore and Purmton 
(1900) can be most easily observed in the cat when 
the animal is anaesthebzed with ether and the vagi 


are cut Under these conditions the blood pres- 
sure IS usually high When adrenaline is mfused 
mto a vem at a slow rate, there is a fall of 
blood pressure When 5 pt /-adrenalme were 
mfused dunng 2 mm , the fall recorded m 
Fig lo was produced When 10 pg dl-nor- 
adrenaline were mfused dunng 2 mm , there was 
a slight nse of blood pressure The effects were 
then repeated m (c) and {d) 



Fig 1 — Cat blood pressure under ether anaesthesia 
after section of both vagi (o) Shows depressor 
action of adrenaline when 5 pg were slowly infused 
dunng 2 mm (Jb) Shows shght pressor action of 
<//-«oradrenalme when 10 pg were similarly infused 
(c) is a repetition of (o), and (r/) is a repetition of (6) 

The volume of one hindleg was also recorded 
m this experiment by using a plethysmograph, but 
except for an mcrease m volume pulse durmg 
adrenalme mfusion mo change was observed Dale 
and Richards (1918) showed that if the hindleg 
was denervated by section of the sciatic nerve 
seven days previously the mfusion of adrenalme 
caused a dilatation of the hindleg By section of 
the nerves the reflex change m vascular tone result- 
ing from a change m blood pressure was excluded 
Three cats were therefore prepared by sciatic sec- 
tion and the final experiment m one of these is 
illustrated in Fig 2 The mfusion of 10 pg 
/-adrenahne durmg 30 sec produced a fall of blood 
pressure and dilatation of the denervated leg The 
mfusion of 20 pg t//-noradrenahne dunng 30 sec 
produced a nse of blood pressure and constriction 
of the leg The results, which were repeated several 
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Fio 2 — Cat under ether , vagi cut L sciatic nerve cut 
8 days previously Upper record is volume of the 
left hmdleg and lower record is blood, pressure At 
the first arrow 10 fig adrenahne was infused in 
30 sec , and at the second arrow 20 fig dl-noradren- 
alrne was mfused in 30 sec The first injection 
caused dilatation of the limb volume, the second 
caused constnction 

times m each of the cats, show that /-adrenalme 
caused penpheral dilatation but thatifi-noradrena- 
hne caused peripheral constriction, the changes in 
the blood pressure being due to these effects' 

Rabbit ear vessels — In the rabbit eaf vessels it 
IS possible to study not only the vasoconstrictor 
action of adrenaline but also its vasodilator action 
which Gowdey (1948) showed was exerted dunng 
perfusion with Locke’s solution containmg 2~ 
benzyhmidazohne m a concentration 0 2x10^ 
We have therefore used the rabbit ear to compare 
the action of noradrenaline with that of adrenaline 
in the presence of this reversing agent The con- 
stnctor action of noradrenaline on the vessels of 
the rabbit ear has been examined by Luduena et al 
(1949) and also by Tjaddum, Peart, and Vogt 
(1949) The former found that the ratio of equi- 
active amounts of /-noradrenaline and /-adrenaline 
was 1 5-2 5 , the latter found the ratio was 1 0-3 0 
We made 21 comparisons and found the ratio was 
1 0-4 0 All these findings agree in showing that 
as a rule noradrenaline is a less potent constrictor 
than adrenaline for rabbit ear vessels, though the 
vanation is from 25 to 100 per cent In one 
experiment in which the dog hindleg was perfused 
with blood by a pump, we found that 4 /ig 
adrenaline and 8 pg dZ-noradrenaline were equally 
active 

We found that perfusion of the rabbit ear with 
2-benzylimidazoline converted the vasoconstrictor 


e- 



FiG 3 — Rabbit ear vessels perfused with Locke’s 
solution Outflow recorded with Stephenson’s 
recorder (a) Shows equal constnctor effects of 
0 04 /ig adrenahne and of 0 25 fig ^//-/loradrenaline 
(h) Shows effects obtamed dunng perfusion wth 
Locke containing 0 2 X 10^ benzylimidazoline 
Equal dilator effects were exerted by 0 5 /ig dl- 
noradrenaline and 0 15 fig adrenaline 

action of noradrenaline mto a vasodilator action 
this conversion is shown in Fig 3, in which (t) 
shows that 0 16 pg /-adrenaline caused a dilata- 
tion similar to that caused by 0 5 fig dl-nor- 
adrenaline The vasodilator ratio of l-nor- 
adrenaline to /-adrenahne was therefore about 1 5 
The vasoconstnctor ratio in Fig 3a was 3 0 The 
results of a senes of observations are given m 
Table I These indicated that the relative dilator 
action IS similar to the relative constrictor action 
in the majonty of ears , only in occasional ears 
like No 5 in Table I is the dilator action of nor- 
adrenaline very feeble The conditions in the 

TABLE I 

CXIMPARISON OF DILATOR ACTION OF ADRENALINE WITH 
THAT OF IjorADRENALINE IN RABBIT EAR VESSELS DURING 
PERFimON-OF 2-BENZVLIMIDAZOUNE 


Exp 

Equidilator doses 

- Ratio 
/-noradrenaline/ 
/-adrenaline 

/-adrenaline 

/ig" 

d/-/ioradrenabne 

hS 

1 

' 016 

0 48 

1 5 

2 

01 

02 

1 0 

3 

03 

1 0 

1 67 

4 

02 

04 

1 0 

5 

0 1 

10 0 

50 0 

6 


20 

I 0 


rabbit ear appear to be the opposite of the con- 
ditions m the cat, judged by the depressor action, 
seen after giving ergotoxine or ergotamine In 
the majonty of cats the depressor action of nor- 
adrenaline IS feeble or absent unless large doses 
are given (West, 1949), but in occasional cats it 
IS just as great as that of adrenaline, as is shown 
-in Fig 4 
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Fig 4 — Cat, spinal preparation, eviscerated Blood 
pressure record Ergotoxme ethane sulphonate was 
injected in order to reverse action of adrenaline 
20 fig i//-noradrenalme was injected causing a 
depression similar to that caused by 1 0/ig adrenaline 
This result was exceptional 

Intestinal vesse/s — Plethysmograph expenments 
were earned out on loops of the intestine of the 
cat under chloralose anaesthesia using the method 
described by Biilbrmg and Bum (1936) It was 
found that the injection of a small dose of dl-nor- 
adrenalme caused dilatation of th^ intestinal loop 
just as did the injection of a similar dose of 
adrenahne, as shown in Fig 5 Noradrenaline 
caused some rise of blood pressure, though this 
passed off as the dilatation came on However, 
to exclude the blood pressure rise as a cause of 
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Fig 5 — Cat, chloralose Upper record shows volume of 
intestmEd loop, lower record is blood pressure, 
(o) shows dilatation of intestinal vessels when 4 fig 
d/-woradrenahne was mjected, (b) shows sirmlar 
dilatation when 2 fig adrenaline was mjected 


the dilatation, some experiments were dont 
which the blood pressure was kept constant oy 
attaching the carotid cannula to a large vessel 
containmg Ringer’s solution at constant pres- 
sure The same dilatation of the intestinal loop 
was observed when noradrenaline was mjected, 
although the blood pressure did not change 

Action on the heart — Since noradrenaline lacks 
the vasodilator action of adrenaline in the muscle 
vessels, it was of mterest to discover the effect of 
noradrenahne on the coronary vessels Observa- 
tions were first made on the coronary flow, the 
rate, and the amplitude of the cat heart perfused 
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Fig 6 — Cat heart, I-angendorff perfusion Upper 
record was coronary flow by Stephenson’s method , 
middle record was amphtude of contractions, heart 
rate given in figures below TTie effects of mjectmg 
mto the cannula 0 26 fig dZ-iioradrenalme and of 
0 1 fig adrenahne were similar on the coronary flow 
and amplitude Noradrenahne had a smaller action 
on the heart rate 

with Rmger-Locke by Langendorffs method 
Fig 6 shows the changes in coronary flow 
With Stephenson’s recorder (1948) The effects of 
the two substances in the doses given were almost 
identical on the amplitude and coronary flow, 
though dZ-noradrenalme had less effect on the rate, 
increasing it by 54 beats per min , while adrenahne 
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increased it by 76 beats per min When half these 
doses were used, the effect on the rate was the 
same for both, and, as there was less mcrease m 
force of contraction, the initial diminution of 
coronary flow was absent Marsh, Pelletier, and 
Ross (1948) also observed that arterenol had the 
same effect on the rate, contraction, and coronary 
flow as d/-epmephnne in the perfused rabbit and 
cat heart In the heart-lung preparation of the 
dog, observations were very kindly made for us 
by our colleagues Drs J M Walker and E M 
Lourie in the course of another investigation 
Fig 7 shows the similar effect of 2 jxg /-adrenalme 



Fig 7 — Heart-lung preparation of dog Upper record 
IS the outflow from the coronary smus collected by 
a Morawitz cannula and recorded with Stephenson’s 
recorder Lower record is pressure m brachio- 
cephahc artery In (o) the dilator effect of injectuig 
2 fj-g adrenaline into the s vena cava is shown, and 
in [b) the similar effect of 4 fig i//-«oradrenaline 
Note that the effect of adrenaline was more pro- 
longed (Expenment of J M Walker and E M 
Lourie ) 

and of 4 /xg adrenaline on the outflow from 

the coronary sinus collected by a Morawitz cannula 
and recorded by Stephenson’s method (1949) The 
record shows that the effect of adrenahne was 
more prolonged , this was repeatedly observed 
Folkow Frost, and Uvnhs (1949) have also found 
that noradrenaline exerts a dilator action on the 
coronary vessels of the dog 

Renal vessels — Because renal ischaemia causes 
hypertension, we examined the effect of nor- 
adrenaline on renal blood flow to see if it caused 
a greater diminution than adrenahne The action 
was studied in cats under chloralose anaesthesia 
in which the adrenal glands were excluded from 
the circulation and to which an injection of hejiann 


had been given A cannula tied into one renal 
vein conducted the blood through a rubber -tube 
back into the external jugular vein, and the rate 
of flow through the tube 'was measured by col- 
lecting the blood by a T-piece in the tube during 
a penod of 10 or 15 sec In one experiment the 
blood pressure was 'maintained constant by con- 
nectmg the femoral artery to a reservoir of "blood 
under an air pressure equal to that in the blood 
The results, shown m Table U, indicated that nor- 
adrenaline has not a greater constnctor action on 
the renal vessels than adrenahne, but that, if any- 
thing, the constnctor J action of rioradrenaline is 
less This result is in agreement with that of 
Gaddum, Peart, and Vogt (1949) on the perfused 
renal vessels of the rabbit They found that (-nor- 
adrenaline was equal in constrictor action to 
/-adrenaline when given m 2 5 times as great a 
dose 


TABLE II 

COMPARISON OF CONSTRICTOR ACTION OF ADRENALINE 
AND norADRENALlflE IN RENAL VESSELS 



Venous outflow 
c c /sec 

Fall in 
flow - 
c c /sec 

Before 

After 

16 #tg bl-mradrenahne 

0 47 

0 33 

014 

8 /ig /-adrenahne 

06 

0 38 

0 22 

4 fig /-adrenaline 

Oil 

0 59 

0 13 

8 fig <//-«oradrenaline 

0 92 

0 82 

010 

4 fig /-adrenaline 

1 02 

0 88 

0 14 


In another experiment the renal blood outflow^ 
was measured dunng the continuous intravenous 
infusion first of adrenalme and then of nor- 
adrenaline , in this expenment a compensatmg 
reservoir to maintain a constant blood pressure 
was not used The rate of infusion was chosen 
so that the renal flow could be measured at the 
same blood pressure with the two substances The 
results are given in Table III, which shows that the 
rates of renal flow for a given blood pressure were 
the same whichever substance was infused 

Summary of results . — ^The results on the cardio- 
vascular system show that the one important dif- 
ference between adrenaline and noradrenaline is 
in the action on the vessels of skeletal muscle, 
where the former is dilator but the latter con- 
stnctor On the intestinal vessels of the cat on 
the coronary vessels of the cat and the dog, on 
the vessels of the rabbit ear dunng perfusion with 
2-benzylimidazoline, noradrenaline is dilator when 
adrenaline is dilator No evidence was found that 
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TABLE HI 


RENAL BLOOD FLOW 


Substance 

Rate of 
infusion 
Fg /mm 

Duration 

of 

mfusion 

min 

Height 

ofblood 

pressure 

mm 

Renal 
flow 
c c /min 

/-adrenaline 

34 

10 

150 

05 


34 


140 

0 53 


34 


130 

0 47 

(//-noradrenalme 

15 4 

11 

136 

0 47 


15 4 


128 

0 47 


. 15 4 


124 

048 

/-adrenaline 

7 5 

6 

136 

0 45 

yy 

i 75 

1 


120 

0 47 


noradrenaline has a greater constrictor action than 
adrenaline on the renal vessels 

The effect of denervation 

The nictitating membrane — ^The normally inner- 
vated met! ta ting membrane of the cat is much less 
affected by noradrenalme than by adrenahne, but 
after removal of the superior cervical ganglion 
and postgangliomc degeneration the membrane 
becomes equally sensitive to both substances Thus 
nerve degeneration bnngs about a small increase 
m sensitivity to adrenaline, but a large increase to 
noradrenalme (Bdlbnng and Bum, 1949) 

The pupil dilator muscle — We have exammed 
the changes produced by degeneration of the 
sympathetic fibres to the ins About eight days 
after extirpation of the ganghon on one side, the 
cat was anaesthetized with urethane, and the pupils 
were examined under a bnght bght durmg injec- 
tion of adrenahne and of noradrenalme The 
minimum amounts of each substance which caused 
a dilatation of (a) the denervated and (6) the 
normal pupil were determmed, and results in 
three cats are given m Table IV, which shows 


TABLE IV 

RELATION OF ACTION ON NORMAL AND DENERVATED PUPIL 


Cat 

Minimal 
dilatmg dose 

Normal 

Denervated 

Mg 

Ratio 

1 

/-adrenalme 

2 

1 

! 1 


/-noradrenalme 

30 

1 I 

i 30 

2 ! 

/-adrenahne 

1 

2 

0 1 

20 

1 

/-noradrenalme 

25 i 

04 

62 

3 

/-adrenahne 

1 75^ 

05 

15 


/-noradrenaline 

1 100 

1 

20 

50 


that the dose calculated m terms of /-noradrenaline 
just sufficient to dilate the normal pupil was found 
to be 12-15 times greater than for /-adrenaline 
Denervation increased the sensitivity to nor- 
adrenaline much more than to adrenahne, and 
in one cat the denervated pupil was equally sensi- 
tive to both The behaviour of the pupil was thus 
similar to that of the ruebtatmg membrane It 
was always observed that injections of nor- 
adrenaline, too small to cause dilatation of the 
normal pupil, caused constnction of the pupil 

Greer, Pinkston, Baxter, and Brannon (1938) 
have also investigated the action of adrenahne and 
noradrenaline on the normal and on the dener- 
vated pupil They wished to compare the effect of 
noradrenaline with that of hepatic nerve stimula- 
tion, and they drew no conclusions about the 
modification of the pupil response by denerva- 
tion Their phdtographs, however, agree with our 
findings 

Action in other organs 

The spleen — The relative activity of adrenahne 
and noradrenalme m causing contraction of the 
cat spleen perfused in situ has been stated by 
Gaddum, Peart, and Vogt (1949) to be 0 5-10, 
this being the ratio of the dose of /-noradrenalme 
to /-adrenaline Our results in spinal cats usmg a 
spleen plethysmograph gave a wider range Thus 

«- & 
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Fig 8 — Cat, spmal preparation Upper record spleen 
volume, lower record blood pressure ihe figure 
illustrates the decline m sensitivity to noradrenalme, 
and the increase in sensitivity to adrenahne Early 
m the experiment 8 /ig adrenahne was equal m 
action to 8 ^g i//-no/adrenahne Late in the 
experiment 3 fig adrenahne was equal to 18 ng 
(//-noradrenalme 
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m one cat /-/lo/^drenaline was found to be twice 
as active as /-adrenaline, and in another only one- 
fifth as active Even in the same cat the relative 
potency changed m the course of the experiment, 
di-noradrenaline decreasing from equivalence to 
/-adrenaline to one-sixth the potency The imtial 
and final observations in this experiment are 
shown in Fig 8 While the sensitivity to nor- 
adrenaline greatly declined, that to adrenaline 
slightly increased The various results in different 
experiments are given in Table V 


TABLE VI 


amounts which INHIBrr bronchoconstriction equally 


Exp 

Constrictor 

agent 

/-adren 
. ftg 

dZ-Horadren 

T> » bnor 
Ratio rs- 
/-adr 

1 

Histamine 

10 0 

>40 

>2 

2 

9 9 

05 

>20 

>20 

3 

99 

02 

>80 

1 >200 

4 


50 

.120 

.12 

5 

Acetylcholine 

1 02 

15 

37 5 


TABLE V 

constrictor effects in spleen 


Cat 

1 Equivalent doses m jig 

Ratio 

dt-noraAr 

/-adren 

/-noradr //-adren 

1 

20 

2 

50 

2 

8 

3 

1 3 

3 

3 

1 

1 5 

4(a) 

8 

1 8 

05 

m 

18 

6 

1 5 

4(c) 

18 

‘ 3 

30 

5 

80 

10 

40 

6 

10 

1 1 25 

40 

7 

10 

1 1 8 

27 

Range 0 5-5 0 


Bronchioles — ^At least two comparisons on the 
bronchioles have already been made Tainter, 
Pedden, and James (1934) found that d/-nor- 
adrenahne had one-seventh of the activity of 
adrenaline in perfused guinea-pig lungs in relaxing 
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Fig 9 — Bronchiolar constnction recorded by method of 
Konzett and Rocssler in guinea-pig anaesthetized 
with urethane Figure shows constnctor action of 
4t) ng acetylcholine, and also the diminished action 
when 0 2 iig adrenahne was injected beforehand 
The effect of this amount of adrenahne is shown to 
be shghtly greater than the effect of 10 /ig noradrcn- 
ahne (Expcnment of N K Dutta ) 


the contraction caused by histamine or pilocarpine, 
Luduena, Ananenko, Siegmund, and Miller (1949) 
found a smaller .activity — namely, that /-nor- 
adrenaline had one-seventeenth the activity of 
adrenahne Our thanks are due to our colleague 
Dr N K Dutta for makmg compansons in 
anaesthetized gumea-pigs by the method of Konzett 
and Roessler (1940) The result m one expenment 
is shown m Fig 9 and the different results are_ 
given m Table VI - 

In these expenments there is agam evidence of 
a very vanable relationship between adrenaline 
and noradrenahne In all expernnents nor- 
adrenalme was weaker than adrenalme as a , 
bronchodilator, but it was difficult to quote a 
single figure as expressing the mean Some 
unknown factor appeared to modify the relative 
activity 

Inhibition of cat intestine — ^Many workers have 
used the inhibitory action of noradrenalme on iso- 
lated loops of rabbit intestine as a means of esti- 
mation The inhibition of the movements of the 
cat intestme m situ by noradrenahne was observed 
by Greer et al (1938) They attached consider- 
able importance to it because they felt that it 
rendered untenable the view that hepatic sympa- 
thin or sympathm E was purely^ motor We have 
obtained similar results to those of Greer and his 
colleagues, an example being given m Fig 10, m 
which 5 /rg <//-noradrenalme produced a slightly 
shorter inhibition of the duodenal contractions than 
1 25 jig /-adrenalme 

Effect in skeletal muscle — ^Adrenaline has an 
action m skeletal muscle which was demonstrated 
by Btllbnng and Bum (1942) If the sciatic nerve 
of a cat (anaesthetized with chloralose) is stimu- 
lated by maximal single shocks at rates up to 
15 per mm., the tension developed by each twitch 
of the gastrocnemius can be recorded on the drum 
When a dose of neostigmine, too small by itself 
to modify the tension, is first mjected a following 
injection of adrenalme causes an increase in ten- 
sion An example of this action is shown m 
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Fig 10 — Cat, chloralose Upper record of volume of 
balloon in the duodenum Lower record of blood 
pressure At N 2 5, 2 5 fig d7-noradrenaIme, at 
N 5, 5 0 fig dZ-noradrenalme, at A 1 2, 1 25 fig 
adrenalme was injected mtravenously Note that 
N 5 produced slightly shorter mhibition than A 1 2 

Fjg 11a m which an identical effect exerted by nor- 
adrenaline IS also seen When larger amounts of 
neostigmine are given, the mjection of adrenaline 
may have the opposite effect, causmg a decime in 
the tension In these circumstances, too, nor- 
adrenahne has the same action (Fig \\b) 

Discussion 

Adrenahne causes vasodilatation in two condi- 
tions , first in the cat under ether when the blood 
pressure is high because the vagi have been cut, 
and second in the cat to which ergotoxme or some 
other reversing agent has been given There has 
always been discussion whether these two condi- 
tions are essentially the same Our observations 
appear to indicate that they are not, because the 
observations show that noradrenalme does not 
cause vasodilatation in the cat under ether, whereas 
It causes dilatation in the rabbit ear vessels m the 
presence of a reversmg agent exactly as does 
adrenalme 

The vascular action of noradrenalme thus differs 
from that of adrenalme because it does not dilate 
the vessels of the denerv'ated hmdleg of the cat, 
but rather it constncts them The difference is 
probably confined to the muscle vessels The 
action of noradrenalme is similar to that of 
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Fig 1 1 — Cat, chloralose Record of tension m gastro- 
cnemius muscle m response to maximal single shoclcs 
apphed to the sciatic nerve (a) Shows the mcrease 
of tension produced by mjectmg first 40 fig dl-nor- 
adrenalme, and later 20 /ig adrenalme into the 
ihac artery These injections were made 30 mm 
after the mjection of 20 /ig neostigmme (6) Shows 
a record m another cat m which the same mjections 
caused a decrease m tension These mjections were 
made shortly after the mjection of 30fig neostigmme 
Aoradrenahne and adrenahne produce the same 
effect on the muscle tension 

adrenalme (m similar doses) in dilatmg (a) the 
coronary vessels of the cat and the dog, {b) the 
mtestinal vessels of the cat, and (c) the vessels of 
the rabbit ear m the presence of a reversing agent 
Denervation, in some tissues at least, produces 
a greater change in the reaction to noradrenalme 
than to adrenalme Bdlbnng and Bum (1949) 
demonstrated that this was true for the mctitating 
membrane, and used the observation to estimate 
the relative amounts of adrenahne and nor- 
adrenahne present m a mixture Our results 
show that the same change occurs m the reaction 
of the pupil Only when large amounts of nor- 
adrenalme are mjected does the normal pupil 
dilate , but the denervated pupil is about equally 
sensitive to noradrenalme and to adrenalme 
These observations prompt the suggestion that in 
some tissues the presence of the sympathetic nerve 
supply protects the end-organ against the action 
of noradrenalme m the blood stream, though it 
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does not similarly protect the end-organ agamst 
adrenalme If noradrenahne is the chemical trans- 
mitter of the nervous impulse, such a protection 
might be useful from a teleological standpomt, as 
it would enable the nerve to have sole control of 
the end-organ except for the emergency when 
adrenahne was hberated 

The great mcrease m sensitivity to noradrenaline 
after denervation may explam West’s observation 
(1947) that pieces of mtestme or uterus stored m 
the refngerator for periods up to five days lose 
their sensitivity to adrenahne but do not lose it 
to noradrenaline Perhaps two processes go on 
side by side a general failure of the tissue meta- 
bohsm measured by the loss of sensitivity to 
adrenahne , a failure of the mechamsm of inner- 
vation leadmg to a denervation and therefore an 
mcrease m sensitivity to noradrenalme 

If such a protection is afforded by innervation 
agamst the effect of noradrenalme, it evidently 
plays little part m the blood vessels, the heart, the 
spleen, and the intestines, though this is a problem 
for further investigation Certainly the spleen may 
become mcreasmgly insensitive to noradrenalme 
m the course of a few hours in spite of the opposite 
change takmg place m the reaction to adrenahne 

Summary 

1 An important difference between the vascular 
action of noradrenalme and that of adrenalme is 
that, whereas the latter causes dilatation of the 
vessels of the denervated hmdhmb of the cat, the 
former causes constriction This difference is m 
the muscle vessels 

2 JVoradrenahne hke adrenalme dilates the 
coronary vessels of the cat and dog and m small 
doses also the mtestmal vessels In the vessels of 
the rabbit ear, the constnctor action of nor- 
adrenalme IS ]ust as easily converted to a dilator 
action by 2-benzyhmidazolme as is that of 
adrenahne 

3 Denervation mcreases the acUon of nor- 
adrenahne on the mctitatmg membrane and on 
the pupil much more than it mcreases that of 
adrenalme We suggest that some mechamsm 
exists td protect the mctitatmg membrane, the 
pupil, and probably other organs from nor- 
adrenahne in the blood , this protection is less 
effective agamst adrenaline When the nerves 
degenerate the protection disappears 

4 Noradrenahne causes contraction of the spleen 
in situ Durmg the course of an experiment the 


spleen becomes less sensitive to noradrenalme 
though It mcreases shghtly m sensitiveness to 
adrenalme 

5 A(oradrenalme has a smaller constnctor action 
on renal blood flow than adrenalme 

6 Noradrenalme inhibits mtestmal movements 
recorded by a balloon m the duodenum Its inhi- 
bitory action appears to h6 about half that of 
adrenahne, though the relation-probably vanes 

7 Noradrenalme has the same effect as adrena- 
lme on skeletal muscle 'previously treated with 
neostigmme, no matter whether the effect of 
adrenahne is to augment or to dimmish the ten- 
sion developed when shocks are apphed to the 
sciatic nerve 

8 Noradrenalme has much less effect than 
adrenalme m dilatmg the bronchioles, but the 
quantitative relation vanes considerably 

We wish to thank Dr N K Dutta for carrying out 
the experiments on the bronchioles and Mr SL John 
Ives for doing many of the expenments on the rabbit 
ear The work was done dunng the tenure by one 
of us (D E H ) of a Medical Research Fellowship 
awarded by the National Research Council of Canada. 
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THE PHARMACOLOGICAL ACTIONS OF POLYMETHYLENE 
BISTRIMETHYLAMMONIUM SALTS 

BY 

WDM PATON AND ELEANOR J ZAIMIS* 

From the National Institute for Medical Research, London 

(Recehed October 13 1949) ” 


Since the classical work of Crum Brown and 
Fraser, the curanform action of many omum 
salts has been recognized, and other activities 
exerted by these compounds have been descnbed, 
such as those commonly called mcotme-like or 
muscanne-like In the present paper an account 
is given of the actions of members of a poly- 
methylene bistnmethylammonmm senes, whose 
general formula is (CHjla N+(CE[ 2 )nN+ ( 6113)3 21 
The compounds will be referred to by the value 
of n , thus CIO IS the decane derivative, where 
n = 10 Our attention was drawn to the senes 
durmg a test of the power of the ociamethylene 
compound to hberate histamine After the mjec- 
tion of a small dose mto a cat, there was no 
depressor response, such as histamine-liberators 
cause (Macintosh and Paton, 1949) , on the 
contrary, the blood pressure rose This nse was 
evidently asphyxial, smce the respiration had 
simultaneously ceased , but there were no gasps 
or convulsive movements such as usually accom- 
pany asphyxia, and the sequence of events 
suggested some form of neuromuscular block 

This senes has also been independently studied 
by Barlow and Ing, with whom a simultaneous 
preliminary report was arranged (Barlow and Ing, 
1948a , Paton and Zaimis, 1948a), and who have 
now reported their results more fully (Barlow and 
Ing, 1948b) 

Following a further note (Paton and Zaimis, 
1948b), preliminary climcal tnals of the decane 
denvative as a substitute for £?-tubocurarine 
chlonde in anaesthesia and convulsion therapy 
were mstituted These have proved successful, 
and the name “ decamethonium iodide ” has been 
approved by the British Pharmacopoeia Com- 
mission as the official name for the compound 

Our investigahons of the pharmacological 
actions of these compounds have been chiefly 
directed to studymg their activity m blocking 
neuromuscular transmissio n Particular attention 

• Bntish Council scholar 


has been paid also to descnbmg how the pharmaco- 
logical activity vanes with the length of the poly- 
methylene chain Later papers wiU report more 
fully expenments on other pharmacological actions 

Methods 

Effects on neuromuscular transmission 

Cats anaesthetized with chloralose (80 mg /kg), 
after inducbon with ether, were used in most of the 
expenments For recordmg the tension of muscle 
twitch, tibialis anterior was prepared , the prepara- 
tion was mounted on the Brown-Scbuster myograph 
stand, and an isometnc steel spnng myograph was used 
for recording on the smoked drum The muscle was 
excited either by slightly supra-maximal shocks to the 
sciatic nerve through shielded silver electrodes, or 
directly by induction coil break shocks The nerve 
was lied centrally, above the point of stimulation and 
above the point' of entry of its blood supply Injections 
were made either intravenously through a cannula Ued 
into the femoral or jugular vein, or by the method of 
close arterial injection into the antenor tibial artery 
(Brown, 1938a) A few animals were anaesthetized 
with pentothal infused at a rate of 0 3-0 5 mg /min , 
or with ether from an “ Oxford vaporizer ” adapted 
for animal use, using 6-7 per cent ether 

For expenments on unanaesthetized animals, mjec- 
tions of volumes of 0 01 cc /g were made mto the 
tail vein of mice (white, male, weight 18-20 g) and 
rats (male, weight 100-150 g) (The effective dose 
was that which prevented the animal nghting itself 
when placed on its back ) Rabbits (male, weight 
1 5-2 kg ) were used for the contmuous infusion head- 
drop method (Dutta and Macintosh, 1949), or received 
rapid intravenous mjections m the marginal ear vein 
Cats, monkeys {Macaco miilaltd), and a baboon {Papio 
anubis) received injections in the saphenous vein 
Frogs were tested as descnbed by King (1935) 

Other methods 

In cats anaesthetized with chloralose, the contrac- 
tion of the nictitating membrane was recorded on the 
smoked drum The membrane %vas excited to con- 
traction by maximal stimuh applied to the peripheral 



382 


W D M PATON AND ELEANOR J Z A IMIS 



Fig 1 (a) — Cat, chloralose, 3 7 kg Record of contractions of tibiabs excited by 
supramaximal shocks to the sciatic nerve every 10 sec At 1, 0 12 mg CIO 
intravenous iryection At 2 and 3, tetanic stimulus to motor nerve, 50/sec (6) Same 
experiment, 36 mm later rf-Tubocurarme chloride 0 3 mg intravenously 5 mm 
previously At 4, 0 12 mg CIO i v At 5, 0 24 mg CIO i v 


Results 

Neuromuscular block 

Action of CIO on the 
neuromuscular 
lunction 

The most notable 
activity of this senes 
IS that possessed by 
the higher members in 
Causing neuromuscu- 
lar block Fig la 
shows the effect of the 
intravenous injection 
of a small dose of CIO 
(the most active com- 
pound in this respect) 


stump of the cervical sympathetic, cut and separated 
from the vagus m the neck , a rate of stimulation of 
10 pier sec produced a well-sustained contraction 
In other expenments, the isolated rabbit mtesline 
preparation described by Feldberg and Lin (1949) was 
employed 

Muscanne-hke action was tested on rabbit or guinea- 
pig small intestine suspended in Ringer solution 
containing magnesium chlonde (0 004 g/100 cc) 
atropine sulphate (K) 0 was used as an antagonist 
The frog’s rectus abdominis suspended m frog Ringer 
solution was employed m customary fashion to test 
for nicotme-hke stimulation of skeletal muscle The 
spinal cat was prepared as descnbed by Barger and 
Dale (1910) for the cetection of pressor activity 
Anticholinesterase activity was determined using a 
Warburg manometer, with rabbit’s laked washed red 
cells and acetyl-/5-methylcholine (0 027 M) or rabbit 
plasma and benzoyl choline (00055 M) as sources of 
and substrates for “ true ” or “ pseudo ” cholmesterase 
respectively The substrate and inhibitor (if any) were 
placed m the sidearm of the Warburg bottle, so that 
shaking brought them into simultaneous contact with 
the enzyme , readings of the manometer were then 
made every 10 minutes for two hours The surface 
tension of aqueous solutions of the compounds 
against air %vas measured with a De N6uy tension- 
- meter Values for the surface tension of glass- 
distilled water of 71 5-72 1 dynes/cm at 20-23° C 
were obtained 


on the contractions of cat’s tibialis muscle excif«l 
through its motor nerve At first the tension is 
increased, and between the contractions fascicula- 
tions of the muscle can be seen (The other muscles 
of the animal also exhibit these incoordinated con- 
tractions ) Then the twitch tenspn begins to dimi- 
nish until, with this dose, the muscular contraction 
IS almost completely abolished When the muscle 
IS completely paralysed to stimulation through its 
nerve, it is still capable of responding to direct 
stimulation (Fig 2) 

During the progress of such a paralysis the action 
potential of the motor nerve to tibialis remains 



I T 4 

Fig 2 —Cat, chloralose. 2 6 kg Tibiahs, nerve sh^ 
every 10 sec At arrow 1, injection of 0 1 mg Cm 
1 v During 2, duect stimulation of muscle At 3 
1 mg atropme sulphate i v At 4, 0 5 mg neostig- 
mine methylsulphate i v 


Actions on the respiration were recorded at first 
by discharging the expirations of the animal (by means 
of h^t rubber valves) into a large glass vessel from 
which a fine adjustable leak was provided, and 
measunng the pressure within it by a sensitive 
tambour later measurements were made with the 
respiration recorder descnbed by Paton (1949a) Blood 
pressure was measured in the usual way, a cannula 
coated ruth silicone and filled with saline containing 
hepann being inserted into the carotid artery We 
are much indebted to Dr J A B Gray for recording 
action potentials from the peroneal nerve and tibialis 
muscle for us in certain expenments 


completely unimpaired while the muscle action 
potential and twitch tension dwmdle and disappear 
(Fig 3A) The site of jtaralysis, therefore, must 
be placed m the end-plate region or in the terminal 
nerve endings 

One possible mechanism for such a paralysis 
might be abolition of the release of acetylcholine 
by the nerve endings, as has been descnbed for 
procaine (Harvey 1939) and suggested for atropine 
(Brown, 1937) We have found however, that 
the effects of acetylcholine given by close artenal 
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A 10 meec, B 

Fig 3 (A) ^Cat, chloralose Supramaximal shock to 
sciatic nerve every 10 sec (a, c) Record of action 
potential of peroneal nerve (preceded by stimulus 
_ artifact), (a) before CIO , (c) after 100 pg ClO/kg 
' and (b, d) record of action potential of tibialis 
muscle, (6) before CIO, (d) after CIO Time = 
10 msec -(B) Cat, chloralose, 2 6 kg Record as in 
(A) showmg repetitive muscle action potential after 
50 /xg CIO 

injection are antagonized as much as (or more 
than) the effect of a nerve volley "by a dose of 
CIO, just as they are by curare (Fig 4) A similar 
suppression of the response to acetylcholine is 
shown in Fig 9 

The blocking action of CIO therefore cannot be 
explained by an interference with release of acetyl- 


cat’s plasma The plasma was then tested on the 
cat’s blood pressure During the control penod, 
there was no detectable depressor activity m the 
effluent , stimulation of the motor nerve at a rate 
of 50 per sec for 2 min caused the release of 
depressor matenal m a concentratioi^ equivalent 
to 5 m/tg acetylcholme per c c in the effluent, and 
the activity of this depressor matenal was abo ished 
by the injection of 0 5 mg atropine mto the 
assay cat , this release was not prevented by 
addmg CIO to the perfusion fluid to a concen- 
tration of 

The fasciculations and the potentiation of the 
twitch preceding neuromuscular block led us to test 
these compounds for anticholmesterase activity, 
since known anticholinesterases produce similar 
actions , and expenments m this connexion are 
descnbed below which revealed that CIO and its 
neighbours possess some activity of this kmd 
(Later work (Zaunis, 1949) mdicates, however, that 
if this antichohnesterase action plays a part in 
causmg these effects, such a part is small ) TTie- 
potentiation of the twitch may be considerable, 
and is best seen with smaller doses of CIO, such 
that the subsequent neuromuscular block is too 
small to obscure the potentiating process , Fig 5 
exemplifies such an expenment With still smaller 
doses, a transient enhancement of the twitch 
tension may be the only evidence that CIO has 
been mjected It was necessary, therefore, to test 
whether the neuromuscular block might even be 



Fig 4 Cat, cUo^ose, 2 8 kg Tibialis nerve shock every 10 sec At A, uyections of 5 /xg 
acetylchoune intra-artenally At CIO, 6 fig CIO injected mtra-artenally 


choline Further, since these compounds are 
onium salts and do not have any local anaesthetic 
potency, there is no reason to expect a procaine- 
hke action Since the block is completely rever- 
sible, there IS no reason to suspect any action such 
as that due to botuhnus toxm Fmally, the 
^ssibility that acetylcholme liberation might be 
epr^ed was tested directly m one expenment, 
^ which the tibiahs antenor muscle of a cat was 
dissected and perfused in isolation with esennized 


a direct consequence of this anticholinesterase 
activity or not 

It IS well known (Bnscoe, 1936 , Rosenblueth, 
Lmdsley, and Monson, 1936) that esenne and 
other antichohnesterases can cause neuromuscular 
block, which has been ascnbed to the presence 
of an excess of acetylcholme m the region of 
the neuromuscular junction. Under such con- 
ditions, however, the interposition of a tetanus, 
or the close artenal injection of acetylcholme 



Fio 5 — Cat, chlotalose, 2 6 kg Tibialis , nerve shocks 
every 10 sec At arrow, 26 /xg CIO injected intraven- 
ously The same dose was given 5 nun previously 
without any effect 

increases the block for the succeeding twitches 
(Bacq and Brown, 1937) We have used this 
phenomenon as a test of the nature of the block 
caused by CIO Figs la and 4 show that there 
IS no such depressant action by a tetanus or by 
injection of acetylcholine respectively on the twitch 
of a muscle partially paralysed with CIO , and it 
has been our constant experience that it would be 
hard to judge from the subsequent twitches that a 
tetanus had been apphed or an injection made 
(An apparent shght deepemng of the block by 
acetylcholine in Fig 9 was due to traces of CIO 
from the previous injection ) We have, moreover, 
never observed any relation between the rate of 
stimulation and the developmeht of the block 
-Indeed, with a large dose of CIO almost complete 
paralysis may occur after a smgle twitch It is 
unhkely, therefore, that block due to CIO is the 
result of the accumulation of acetylchohne at the 
end-plate We do not wish, however, to under- 
estimate the resemblance of some of our tracings 
to those resulting from mjections of potent anti- 
esterases (cf Brown, Burns, and Feldberg, 1948), 
but it IS possible that some of the latter produce 
a block otherwise than by their antiesterase 
action. 

Our experiments in this connexion also showed 
that a muscle could still maintam a tetamc con- 
traction at a height comparable with the twitch 
tension when partially paralysed with CIO It is 
well known that the curarized muscle cannot do 
this , our expenments on this important difference 
will be reported separately 


ELEANOR J ZAIMIS 
Duration of action 

In the anaesthetized cat, the complete or nearly 
complete paralysis of Ubiahs that follows an intra- 
venous dose of 30 Jig /kg of CIO usually begins 
to recover in 5-10 min , and recovery is complete 
m about 15 mm Sometimes a twitch tension 
greater than the initial may be observed for a 
few mmutes of the recovery (recapitulatmg the 
miUal potentiation) before it returns to the onginal 
level The presence of the drug, however, is still 
detectable for some time after the twitch tension 
has returned to normal, since the same dose given 
agam less than "30 mm after the -first mjection 
produces a greater effect But with suitable spacmg 
of doses, reproducible cycles of paralysis and com- 
plete recovery.can be obtamed for many hours, the 
only important change commonly observed bemg 
a dimmution of the imtial potentiation with the 
lapse of time Our experience also suggests that 
CIO has a rather steep dose-response curve , thus, 
a dose of 20 /xg /kg was sometimes without visible 
effect on twjtch tension m an ammal m which 
30 jxg /kg produced temporarily a complete block 
Correspondmg to this, recovery from a CIO block, 
once it starts, is often rather rapid xf-Tubocurarine 
chlonde differs significantly both m bavmg a 
longer duration of action for a given peak action 
and m the slower wanmg of its effects 

Similar time relations are observed m unanaes- 
thetized cats and m rabbits , both ammals, after 
..a dose of CIO sufficient to paralyse them fully, 
recover in about 10 mm , whereas (/-tvbocurarjne 
chlonde has a somewhat more prolonged action 
In the monkey, however, the reverse is the case, 
and with equally effective doses CIO has a dura- 
tion of action about two to three times longer 
than that of (f-tubocurarme chlonde 

We have given CIO by other routes m a few 
experirnents Administered by stomach tube, CIO 
is meffective m cat and rabbit in doses less than 
fifty times the effective mtravenous dose, but a 
dose of a hundred times may be lethal m an animal 
starved for 24 hours The paralysis takes an hour 
or more to appear By the subcutaneous route 
the rabbit, about three times the mtravenous dow 
IS required for equal maximum effects, and the 
paralysis does not appear for about 10 min nor 
disappear entirely for about 2 hours With mtra- 
muscular mjections, shghtly smaller doses are 
required, and the onset of paralysis is quicker 
We have not, however, studied the relative doses 
required for equal peak effects by the vanous 
routes m any detail, and the values quoted are 
only approximate 
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volume has been observed , a counterpart, perhaps, 
of the phase of potentiation of the muscle twitch 
which has been already mentioned With larger 
doses of CIO, respiratory depression can of course 
be mduced , but it is agam remarkable how much 
sooner recovery of adequate respiration takes 
place than recovery of the normal muscle twitch 
In Fig 6b IS also shown the record of a similar 
expenment with rf-tubocuranne chlonde In con- 
trast to CIO, distinct respiratory depression was 
produced, with an almost neghgible effect on the 
tibiahs twitch Our expenence has been con- 
sistently of this kmd, that with rf-tubocurarme 
chlonde, respiratory depression accompames or 
even precedes paralysis of the tibialis twitch 
The contrast between the two drugs m this 
respect appeared so strikmg that it wiU be reported 
more fully elsewhere 


Fig 6 — Cat, chloralose Record of respiration and of 
tibialis, nerve shocks every 10 sec (a) At arrow, 

0 1 mg CIO mtravenously (6) At arrow, 0 2 mg 
d-tubocnranne chlonde mtravenously 

Action on the respiration 
Fig 6a IS the record of an experiment in 
which the respiratory volume was recorded simul- 
taneously with the response of the tibiahs muscle 
to smgle nerve shocks Although the muscle 
response was almost completely abohshed, the 
respiratory volume was but shghtly affected This 
has been a constant and striking expenence Some- 
times, mdeed, an mcrease m the respiratory minute. 


lOOOr 


lOO h 



Effect of varying the anaesthetic 

Although most of our expenments were made 
with cats anaesthetized with chloralose, we have 
also used ether alone and pentothal alone In 
the one expenment with pentothal anaesthesia, 
CIO appeared to be somewhat more effective than 
with chloralose, 20 pg /kg bemg adequate for 
complete abohtion of the tibiahs twitch, although 
respiration was only shghtly depressed with the 
above dose No prehmmary potentiation or 
fasciculations were seen 

With ether (6-7 per cent), on the other hand, 
CIO was less effective than with chloralose, and 
the fuUy paralysmg dose of CIO vaned from 
40 to 70 /tg /kg m four anunals Potentiation of 
the twitch and fasciculations were never seen, even 
with only feebly paralysmg doses Spanng of 
respiration was much less promment than m 
the animal anaesthetized with chloralose Tetam 
were sustamed very poorly, as with d-tubocuranne 
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^ — Variation of piotcncy of bistnmethylammonium compounds, with varymg length of polymethyicne chain, 
Md of d-tubocuianne chlonde, among different species Abscissa number of carbon atoms in cham 
Ordinate dose m mg /kg (Extrapolation of the curves beyond C12 to CIS has not been attempted) 
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chloride Indeed, the effects of ether could be said 
to reswnble rather closely those of a previous dose 
of d-tubocurarine chloride, which" are described 
below ■ _ 

Vanntion of potency with species 

Attempts to estimate the potency of these com- 
pounds led at once to the discovery of a very great 
vanation with different species Tor the bulk of 
the experiments different methods of testing were 
used with different species Fig 7 summarizes 
the results, which are shown in more detail m 
Table I, together with corresponding figures for 
</-tubocuranne chlonde Further experiments on 
a. few of the compounds showed, however, that 
variation m the method of testing accounted for 
only a small part of the species difference We 
took as a standard that dose (RD50) which, after 
injection rapidly by the intravenous route into 
unanaesthetized animals, causes loss of the abihty 
to right themselves in half the animals In cats 
this was very close to the dose required to reduce 
the twitch tension of tibialis by 95 per cent in 
the ammal anaesthetized with chloralose , in 
rabbits, it was about 20 per cent less than the 
head-drop dose (HDD), and it was about 20 per 
cent less than the LD50 m mice and rats The 
figures for monkey were direct estimates of RD50 , 
those for man are based on some preliminary' 
tnals (Organe, Paton, and Zaimis, 1949) and repre- 
sent the dose that made the subjects too weak to 
sit up or stand or lift any of their limbs If the 
activity of CIO in the various species is corrected 
to this standard, comparable estimates of its 
potency in these species are obtained, and are 
shown in Table II The results of tests on frogs 
are also included, but it must be remembered tna 
the route of injection used (ventral lymph sac) 
was quite different from that in the other species 

The actions of these drugs on various species 
also differed m the manner of the paralysis, and 
several mteresting points emerged In the monkey, 
the earliest Sign of weakness was an inability^ 
keep the arm above the bead , after this appeared 
progressive weakness of movement and dropping 
of the head, and only with deep paralysis was c 
ability to sit up lost Li cats, the paralysis progress - 
more uniformly, and neck, trunk, and hmbs seem 
to weaken together , but an unusual and constm 
feature was the complete relaxation of the tiRh - 
tmg membrane for so long as the paralysis las^ 
this relaxation is, indeed, the first sign of para ^is 
observed after an intravenous injection Fma y, 
m rabbits 'weakness of the hindlegs appeared tot 
while further paralysis of the limbs and head-drop 
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TABLE U 


RELATIVE POTENCY OF CIO IN VARIOUS SPECIES, AS DOSE REQUIRED TO_PARALYSE RIGHTING REACTION 


Species 

Cat 

Man 1 

Baboon 

1 

Rabbit 

Monkey 

Mouse 

Rat 

Frog 

Dose mg /kg CIO 

0 03 

0 05 

0 14 

0 14 

0 25 

0 691 1 

2 5 

10 9 

d-Tubooiranne chlonde 

03 

0 25 

— 

0 20 

0 09 

0120 

0 0766 

5 49 


followed The opportunity was taken of admin- 
istering CIO to one baboon (Papio anubis), weight 
14 5 kg, which was suffenng from a traumatic 
paraplegia and was to be killed After the slow 
injection of CIO at a rate of 0 5 mg /mm , head- 
drop occurred after 2 mg had been mjected, 
followed by almost complete skeletal paralysis 
respiration was still adequate although depressed 
Injection of 50 mg of C5 9 min later caused 
partial recovery of arm strength and deepening 
of respiration 


Interaction of CIO with d-tubocuranne chloride 
Our first attempts to compare the potencies ot 
these two drugs on the cat’s tibiahs yielded puzzUng 
results, until it was realized that CIO was less 
effective than usual when <f-tubocurarine chloride 
had been given previously Fig la and lb 
illustrates this point on cat’s tibiahs It can also 
be shown on the rabbit head-drop, and a typical 
experiment is cited m Table III In this expen-- 
ment the preliminary dose of curare was such as 
caused distinct (although transient) weakness of 


Variation of potency with length of polymethylene 
chain 

Despite the species variaUon, CIO was the most 
potent member of the senes by any test for neuro- 
muscular block Its 'immediate neighbours in 
general closely resembled it qualitatively, although 
not m potency The steepness of the curve 
relating potency to chain-length deserves com- 
ment , for instance, shortemng the polymethylene 
c ^n from eight to seven carbon atoms reduced 
po ency more than tenfold Members of the senes 
reinote rom CIO, however, gave the impression 
at new activities were appealing The abrupt 
Change of slope m Fig 7 m the region of C6 and 
e attenuation of the species difference with Cl 8 
are of great mterest Since head-drop and lethahty 
are not specific tests for neuromuscular block, it 
other pharmacological actions 
^ senes desenbed below become prominent 
™Smg about an end-pomt with the members 
e senes which are relatively inactive m causing 
neuromuscular block 

^ point of interest lies m the activity of tetra- 
m ylammonium iodide relative to these com- 
poun s A dose of 5 mg /kg mjected intra- 
venously mto a cat produced an effect on tibialis 
«^tch comparable with that of 30-40 f^g /kg of 
This potency, although small, is greater than 
t of C4, C5, and C6, which fail to depress 
J^uromuscular transmission m doses of 40 mg /kg 
Ur i^ults With mice, rats and rabbits indicate 
3^1 C2 and C3 are equally or even more inactive 
in this respect 


TABLE m 

EFFECT OF PREVIOUS ADMINISTRATION OF rf-TUBOCURARINE 
CHLORIDE (</-TC) ON SENSITIVITY TO CIO 

Cross-over test on four rabbits , 0 15 mg rf-tubocurarme 
chlonde jjer kg i v 15 mm before test 


Rabbit HDD (mg /kg ) 


CIO alone 

CIO after d-TC 

0 0881 
0 222 J 

>day 1 

0 2241 - 

0 365/^y^ 

01041 
0 109 J 

>day 2 

0 1711.;,, 1 

0 176/ ^ 


Dose of CIO after d-TC 
Dose of CIO alone 


1 81 (limits of error for P = 
0 05 1 10-2 99) 


TABLE IV 

EFFECT OF PREVIOUS ADMINISTRATION OF CIO ON SENSITI- 
VITY TO iZ-TUBOCURARINE CHLORIDE 

Cross-over test on four rabbits, 0 075 mg CIO per kg 
1 V. 15 mm before test 



Rabbit HDD (mg /kg ) 


d-TC alone 

d-TC after CIO 

0 2641 
0 232 J 

^day 2 

0 207" 
0 184 I 

^day 1 

0 179 1 
0 231J 

[■day 1 

0 1311 
0 163 J 

S>day 2 

Dose of d-TC after CIO 
Dose of d-TC alone 

= 0 753 (limits of error for P = 
0 05 0 723-0 784) 
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Antagonists 

JEsenne and neostigmine are 
without effect on the neuro- 
muscular paralysis due to CIO 
and its neighbours Fig 2 
exemphfies the failure of neo- 
stigmine to reverse such block 
m the tibialis muscle , Fig 86 
IS an illustration of an effective 


(°) 


(f>) 


Fig 8 — (a) Cat, chloralose, 2 2 kg Tibialis nerve shocks every 10 sec 
At (1), 0 1 mg CIO 1 V At (2), 10 mg C5 1 v ® Cat, chloralose, 2 8 kg 
Tibiahs nerve shocks every 10 sec At (1). (2), (3), 1 mg , 0 5 mg , 
0 5 mg , respectively, d-tubocuranne chlonae i v At (4), 0 5 mg 
neostigmme iv 


the animals , nevertheless, a larger dose of CIO was 
required subsequently to produce head-drop The 
previous admimstration of CIO does not (despite 
its feeble anticholmesterase action) lessen the effect 
of d-tubocuranne chlonde, but rather augments it 
to a shght degree according to the interval between 
the mjections (Table IV) 

This antagomstic effect of d-tubocuranne 
chlonde is detectable m the rabbit for an hour 
and m the cat may persist for a similar period The 
duration of the antagonism and its effectiveness 
become greater as the dose is increased In addi- 
hon, the fasciculations and potentiation normally 
produced by CIO are uniformly abohshed 
These actions are not specific to d-tubocuranne 
chlonde , we have observed them also with its 
methyl ether, d-bebeerme methiodide, N-methyl- 
diabohne iodide, and with tn(diethylammoethoxy)- 
benzene triethiodide (“ Flaxedil ”) 

TABLE V 

EFFECT OF PREVIOUS ADMINISTRATION OF NEOSTIGMINE 
METHYL SULPHATE ON SENSmVTTY TO CIO 

Cross-over test on four rabbits , 0 05 mg neostigmme 
methyl sulphate per kg i v 1 mm before test 


antagonism by a similar dose 
to d-tubocuranne chlonde (The 
shght deepemng of block due to 
CIO by prostigmine in this ex- 
periment (Fig 2) \vas seen at 
other times, but not constantly ) 
Esenne was equally meffective 
Similarly with the rabbit head- 
drop tek, a dose of 0 05 mg 
neostigmme methyl sulphate per kg, previously 
given, which increased the HDD of d-tubocuranne 
chloride from 0 316 mg /kg to 0 615 mg /kg 
m four rabbits, did not alter the HDD dose of 
CIO significantly from 0 149 mg /kg (Table V) 
Observations on the frog’s rectus, m which CIO 
produces a contracture, showed that lower mem- 
bers of the series, mactive both m causmg neuro- 
muscular block and m producing a contracture, 
antagonized this action of CIO C5 and C6 were 

TABLE VI 

EFFECT OF PREVIOUS ADMINUTTRATION OF C6 ON SENSmVrTY 
TO CIO AND TO d-TUBOCURARINE CHLORIDE 

Cross over tests on four rabbits, 10 mg C6 per kg i v 
5 mm before test 

Rabbit HDD (mg /kg ) 


CIO alone 

CIO after C6 

- 0 100^ 
0116 1 

•day 1 

01801 
0 273J 

• day 2 

0 1531 
0 147 J 

-day 2 

0 2401 
0195J 

• day 1 


Dose of CIO after C6 
Dose of CIO alone 


1 69 (limits of error for ? ■= 
0 05 123-2 41) 


CIO alone 

CIO after neostigmme 

d-TC alone 


d-TC after C6 



SlS}day2 


0 163‘\,j_y j 

0 392/°®^ 

0 18l\jav2 
- 0 227/°^^^^ 

Dose of CIO after neostigmme , ^ , r /• , 

= 1 00 (limits of error for 

Dose of CIO alone P = 0 05 0 795-1 258) 

Dose of d-TC after C6 
Dose of d-TC alone 
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particularly effective in this respect This sug- 
gested that such antagonism might also exist at 
the mammahan neuromuscular junction Fig 8, 
a record of an experiment to test the pomt on 
the cat’s tibialis with C5, shows that this expec- 
tation was fulfilled Table VI summanzes the 
results of a similar experiment with C6 usmg the 
rabbit head-drop method Table VI also shows 
that C6 not only has no antagomstic action to 
d-tubocuranne chlonde but may even potentiate 
ats action somewhat 

The antagomstic action of C5 (and C6) is com- 
phcated to some_extent by their ganghomc action 
(described below), and with large doses there is 
no doubt that a faU of blood pressure occurs which 
is due to paralysis of sympathetic vascular tone 
This does not, however, affect the recovery of 
neuromuscular transmission when G5 is admin- 
istered durmg a paralysis due to CIO A useful 
antidotal action can be observed in rabbit and 
monkey where the dose of C5 is only ten times 
that of the paralysmg dose of CIO, and under these 
conditions vascular effects are trivial With this 
ratio of doses, shallow paralyses are cut short, 
recovery from deeper paralyses is accelerated, and 
respiratory depression due to larger doses still is 
greatly lessened On the cat tibiahs preparation, 
however, a larger ratio of C5 to CIO is usually 
required, and 3 mg /kg C5 may be required for a 
prompt antagonism The antagonistic action of 
C5 IS easily reversed by mcreasing the dose of CIO, 
and the renewed onset of neuromuscular block 
can be again antagomzed by further doses of C5 , 
there is a limit to this process, however, and with 
very large doses of C5 httle more recovery from 
neuromuscular block can be obtained Similarly, 
after large doses of CIO it is difficult to demon- 
strate any antagomsm Oust as neostigrame is not 
very effective after large doses of curare) 

Potassium has been shown to antagonize the 
neuromuscular block due to curare (Wilson and 
Wnght, 1936) We have therefore tested it agamst 
a similar block due to CIO (Fig 9b) It will be 
seen that there is no important action, although 
the dose is enough (when given to the unparalysed 
muscle) to produce a typical potentiation of the 
twitch (Fig 9a) Adrenahne appears to be equally 
ineffective 


Paralysis of autonomic ganglia 

A few seconds after the injection of 10 mg of 
C6 mto a rabbit, we obser\'ed that its ears flushed 
vigorously and became warm, and we have 
already mentioned the ability of C5 and C6 to 


cause a fall of blood pressure The analysis of 
these effects revealed that these compounds 
paralyse autonomic gangha The evidence for 
thi^ will be presented m another paper For the 
present we wish only to describe the experiments 
made to compare quantitatively the potencies of 


Fig 9 — Cat, 
chloralose, 2 8 
kg Tibiahs 
nerve shocks 
every 10 sec 
I n t r a-artenal 
mjections (a) 
At K, 3 mg 
KCi (b) At 
C10,4Mg CIO, 
at A 5 Mg 
acetylcholine , 
at K, 3 mg 

Ka 



C6 and its neighbours m this respect The cat’s 
mctitating membrane, excited to a sustained 
contraction by stimulation of the preganglionic 
cervical sympathetic trunk at a frequency of 10 
shocks per second, provided a useful test for 
activity of these compounds on transmission m 
the supenor cervical ganghon Fig 10 shows a 
typical tracmg m which C5 and C6 and tetraethyl- 



C6 C5 tea 

O 1 0 ISmj 3 5 


BueJinc 


Fig 10 — Cat^ chloralose Record of sustained contrac- 
tion of mctitating membrane excited by stimulation 
of cervical sympathetic 10 sec mtravenous mjechons 
Effects of 0 2 mg C6, 0J.5 mg C5, and 3 5 mg 
tetraethylammomum iodide (TEA) 

ammomum iodide were compared Table VII 
gives a summary of those doses of these com- 
pounds and of tetraethylammomum iodide which 
caused roughly equal peak relaxations of the 
mctitating membrane There was a considerable 
difference betw'een C5 and C6 and tetraethyl- 
ammonium iodide in their duration of action, the 
former two drugs acting more slowly and exerting 
their action three to four times as long as the 
latter, for doses which gave equal peak effects 
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Pio 1 1 — Isolated rabbit intestine Record of length (upper tracing) and volume 
(lower tracing) , intestme stimulated by rapid nse of mtra-mtesbnal prws^ 
of 3 cm water (o) 1, normal response 2, 0 1 mg C6 added to bath 3, 0 2 
me C6 4 15ug , and5,30itg d-tubocuranne chlonde 6, normal response 
(b) 1, Nomal response 2, 0 3 mg C6 3, 2 0 mg tetraethylammonmm 
iodide 4, Normal response 


were more persistent m 
their action than tetra- 
' ethylammonium iodine 
- The intravenous mjec- 
uon of C6 or C5 m some- 
what larger doses com- 
monly produced a fall of 
blood pressure of tairly 
slow onset and recovery 
The magmtude of the 
fall was closely related 
to the imhal blood pres- 
sure level 

A search was made for 
stimulation of autonomic 
gangha by these com- 
pounds None of the 
senes' however, would pro- 
duce a significant elevation 
of the blood pressure or 
change of heart rate of the 
spmal cat even in doses 



CI2 


4^. 

t 

UI 

1 lxl0-‘ 


CIO 

14x10 


CI2 

10 -‘ 


Cl« 

10 -' 


PtQ 12 Frog’s rectus ContracUons elicited by (1) 2 X ^) J0^C7, 

(3) 1 2 X lO^Cll , (4) 10-« C12, (5) 1 1 X 10-* Cll . (6) 1 4 X 10-' CIO 
(7) 10-« C12, (8) 10-* C18 

To test the effect on parasympathetic autonomic 
ganglia, we used the technique of Trendelenburg 
described by Feldberg and Lin (1949) Fig 11 
shows typical tracings, and Table VII gives the 
relative potencies of the compounds tested It 
was agam observed by companng the ease with 
which they could be washed out that C5 and C6 

TABLE Vir 

Relative potencies in causmg relaxaUon of cat’s mcUtating 
membrane, exated by stimulation of rervi^^pathcUc 
trunk (Arbitary scale, C6 = 100 ) 

Compound C4 C5 C6 C7 C8 Tetraethyto- 

^ monium iodide 

Potency 2 80 100 10 2 5 

Relative potenaes on penstaluc reflex of small intestine 
(Arbitary scale, C6 = 100 ) 

Tetraethyl- 
ammomum 

Compound C2 C3 C4 C5 C6 C7 loide 

Potency 3 0 4 3 5 9 33J 100 16 7 14 


twenty times those of nico- 
tine tartrate or tetramethyl- 
ammomum iodide adequate 
for this , nor would similar 
doses elicit more than a 
tnvial contraction of the 
nicUtatmg membrane In 
the isolated mtesUne, there 
- was a tendency for the 
higher members to miUate 
peristaltic waves (parUcu- 
larly C12) , but this action was 8^‘Sht, cou 
be Lcnbed to their anticholinesterase activi y 

Stimulation of skeletal muscle 

It was at first supposed that it 0 

to show on the frog’s S 

of the effects of ^cetylcho hne s.mdar to^ 

exerted by d-tubocuranne frog’s rectus 

however, that CIO itself stimulates 
to contraction _ Whether ^ briefly 

concentrations, and whether all ^ 

or for 10-15 imn , no for from 

stimulant activity ^P^^red potenUated 

antagonizing acetylcholine, 

its effects shghUy, probably becaus 

anticholinesterase acUvity 

The contracUon Produced by fro^ that 

hours (Fig 14) , ^as a slower 

caused by acetylcholine ^ g ^ plateau 

onset, and does not so longer time is 

after CIO has been washed out, a long 
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Fig 13 — ^Frog’s rectus Antagonism of contracture due 
to CIO by C5 (1) 10-* CIO, (2) 3 X 10-® CIO, 
(3) 2 X 10-® CIO, (4) 10-« CIO Dunng (2) and (3) 
Ringer contamed 10^ C5 



ACh 

10 -’ 


ACfa ^ ACh 
33x10-’ 2x10-' 


C6 

10 -’ 


Fig 14 — ^Frog’S rectus Antagonism of contracture due 
to acetylcholme-by C6 (1) 10-’ ACh , (2) 3 3 X 10-’ 
ACh, (3) 2 X 10-" ACh Dunng 2 and 3, Ringer 
contamed lO--* C6 

needed to obtam proper muscular relaxation Its 
dose-response cur\'e is, however, not dissimilar to 
that of acetylcholme and it resembles acetylchoUne 
in one important respect, that its action is also 
antagonized by r/-tubocuranne chlonde and by 
fairly high concentrations of atropine (lO**) 
Measurements were made of the relative potency 
of the members of the senes with respect to each 
other and to acetylcholine (Table VUI) Dunng 
this part of the experiment, the fact mentioned 
above emerged, that the shorter chain compounds 


which are inactive m causmg contractures, were 
nevertheless exerting an action on the muscle, smce 
they diminished the contractions elicited by the 
longer cham compounds (Fig 13) The antagon- 
ism to CIO was a maximum with C5, closely 
nvalled by C6 Table IX gives the concentrations 


TABLE IX 

Inhibitory concentrations against CIO, tested on frog’s 
rectus (Concentration causmg 50 per cent inhibition ) 

Compound C4 C5 C6 

Concentration 8 X 10-® SOX 10-® 55X10-^ 

of the members tested which caused 50 per cent 
inhibition of CIO It was also observed that C5 
and C6 can antagonize the contracture produced 
by acetylchohne (Fig 14) 

The stimulation of skeletal muscle could also be 
demonstrated in the cat ^igs 4 and 9) In these 
experiments a few fig of CIO were mjected rapidly 
into the artery of a tibialis prepared for close 
artenal injection, during an mtermission of stimu- 
lation , just as after a similar injection of acetyl- _ 
cholme there was a fast contraction of the muscle 
which followed the mjection so rapidly as to seem 
synchronous with it After the rapid contraction - 
IS complete, there is often left a small residual con- 
traction for a few seconds, which is followed by 
the onset of neuromuscular block Roughly, the 
dose of CIO required to produce a twitch of the 
muscle IS one which produces a substantial neuro- 
muscular block , smaller doses are ineffective m 
both respects, and larger doses produce a larger 
twitch before long-lastmg block ensues It does 
not appear to be possible with any dose by this ' 
route to obtam paralysis without evidence of 
stimulation first, except by making the injection 
rather slowly 

j^er mtravenous mjechons of CIO we have 
never seen the rapid twitch just descnbed , but 
large doses may ehcit a small contraction lastmg 
10-20 sec , of a few grammes tension No detailed 
companson with other members of the senes has 
been made , but, m general, our experiments are 
not inconsistent with the rankmg of potency m 
shmulatmg rruscle, which we obtamed on frog’s 
rectus 


TABLE Vni 

Belatrvc potenaes in stimulating frog s rectus abdomims 
(Arbitary scale, C12 = 100 ) 

A.cctyl” 

propound C6 C7 C8 C9 ClOCll CI2 C18 choline 
Potency 01 1 3 71 36 71 91 100 1 3 1,500 


Anticholinesterase potency 

Antichohnesterase activity was tested by two 
methods m order to distmguish between the activi- 
ties of the compounds against the so-called “ true ” 
and “ pseudo ” chohnesterases For the former. 
acetyI-/8-methyIcholme and laked rabbit cells 



392 


D M PATON AND ELEANOR J ZAIMIS 


TABLE X 

ACTIVITY IN INIUBiriNG CHOUNESTERASE 

Substrate conceatrations for “ true ” en 2 ymo 0 027 M 
acetyl-p-methylcholine, for “ pseudo ” en 2 yme 0 0055 M 
benzoylcholine 


Compound 

1 

“ True ” 

concentration for 
50% inhibition 

“ Pseudo ” 

% inhibition at a 
concentration of 
1.25 X 10-“ 

C7 

3 5 X 10-® 


C8 1 

lOxKH 


C9 1 

1.2 X 10-" 


CIO 

4 5 X lO-* 

8 

Cll . 1 

1 8 X 10^ 


C12 1 

56x 10-« 

35 

C18 

1 4X 10-“ 

97 

Esenne 

7 1 X 10-* 

i 

d-TC 

1 1 X 10-“ 

10 


were used , for the latter, benzoylcholine and 
rabbit plasma as source of esterase The com- 
pounds had httle activity against “ pseudo ” cholm- 
esterase, and it was not thought worth while to 
study their actions at concentrations higher than 
1 25 X 10^ The values obtamed are shown m 
Table X Agamst true chohnesterase, however, 
the longer chain members had appreciable activity, 
and sulBcient determinations were made to be able 
to estunate the concentration of drug causmg 
50 per cent inhibition of the enzyme , this figure 
for each member of the senes is given m Table X, 
and has been plotted in Fig 15 Comparable 
figures for esenne are included in Table X , it is 
about 650 times more active than CIO against true 
cholinesterase 


A point of some mterest is the selecUve paralysis 
of “ true ” chohnesterase , this, no doubt, is a 
function of the particular enzymes chosen But 
the degree of selectivity is considerable , by extra- 
polation, It can be estimated that CIO is 200 times 
more active agamst “true” than against “pseudo” 
chohnesterases, and C12 about 600 tunes 
We have referred already to the potentiation of 
the twitch dunng the early stages of a block by 
CIO Records of the muscle action potential 
(Fig 3B) show repetitive firmg of the fibre in 
response to single shocks, similar to that well- 
estabhshed for esenne and diisopropyl fluoro- 
phosphonate The possibihty can be raised there- 
fore that CIO, although far less active than esenne 
in vilrn as an anhchohnesterase, becomes relaUvely 
more effective because of its lack of aflSnity for 
pseudochohnesterase m plasma It is also possible, 
however, that the stimulant action of CIO on the 
muscle must be taken mto account in explammg 
the fasciculations, potenhahon of the twitch, and 
repetitive firmg (cf Zaimis, 1949) 

Muscarme-hke action and atropme-hke action 

TetramethylaBomomum ion has a muscanne-IiLe 
action, and it was of mterest to determme whether 
these closely related compounds also shared it 
But such activity as they possess is very shght, aijd 
could only be demonstrated easily on the isolated 
gumea-pig or rabbit mtestme , the most achve 
compound tested (C12) was about 1,300 tunes less 
active than acetylcholine Atropine in a concen- 
tration of 4x10'® m the bath abolished contrac- 
tions due to both these drugs No corresponding 
depressor action could be demonstrated when these 
compounds were tested on the cat’s blood pressure 


(O'®, 



Fig 15 — ^Vanation of activity of bistrunethylammonium 
compounds agamst “ true ’ chohnesterase, with 
varying length of polymethylene chain Abscissa 
number of carbon atoms m polymethylene cham 
Ordinate concentration for 50 per cent inhibition 
of the “ true ” chohnesterase 'Substrate 0 027 M 
acctyl-p-methylchohne 


, TABLE XI 

Relative potencies m stimulating small mtestme 
trary scale, C12 = 100 ) 

Compound C2 C4 C5 C6 C7 C8 C9 CIO CjlCI2C18 
Potency <I 2.0 2 J 3 8 5 12.5 16 40 100 100 25 


(Arbi- 

AceWl 
choline 
13 y 10‘ 


m intravenous doses up to 10 mg /kg Table ^ 
gives the estimated relative potencies of the 
senes A depressor action charactenstic of cer am 
histamme-hberators is discussed below 

Search was also made for an atropine- e 
action, with the response of the cat s oo 
pressure to acetylcholine as a test object A os 
of 10 mg CIO did not dimimsh the acUon ot 
acetylcholme, but rather enhanced it shgn y 
appeared possible that the anticholinesterase ac ion 
of CIO might be masking a feeble atropine-like 
action The expenment was therefore repeated in 
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an esermized animal, so that inactivation of cholin- 
esterase should be complete before CIO was given , 
but it was agam impossible to demonstrate any 
depression of the response to acetylcholme by the 
mjection of CIO We obtamed a similar result on 
the isolated gumea-pig’s ileum The contraction 
of the gut ehcited by acetylcholme (2 x 10*® , final 
concentration m the bath) was neither prevented 
nor dimimshed by the previous or later addition 
of CIO to a final concentration of 2 x 10*®, a con- 
centration sufficient to cause a contraction of the 
gut due to the CIO itself 

Release of histamine 

Mention was made at the beginmng of this paper 
that this senes is not active m ehcitmg the delayed 
depressor response of the cat’s blood pressure, 
characteristic of histarame hberation This 
response can, however, be obtamed, and FJg 16 


— 

t 


I n 1 1 1 • 1 1 ( 1 1 1 1 < 


bP 



I ri i 1 1 1*17 I • 1 1 II 



(^) (2) ' (3) 

Fig 16 — Cat, chloralose Atropme (4 mg ), nicotine 
(7 mg ) previously (1) 20 mg C12 i v (2) 1 mg 
propamidme iseduonate i v (3) 5 mg </-tubo- 
curanne chlonde i v (12 min between successive 
tests) 


gives a typical illustration of the action of Cl 2, 
with corresponding effects by c?-tubocurarme 
chlonde and propamidme for companson (cf 
Macintosh and Paton, 1949) We have not studied 
this actinty closely since it is so feeble compared 
with that m paralysmg neuromuscular transmis- 
sion It appears, however, that C12 is a httle more 
active than CIO m this respect 

Chrome toxicity 

^This drug was mjected mtravenously m 
a dose of 30 fj-g /kg into each of three cats, and m 
a dose of 100 ftg /kg mto each of three rabbits, 
SIX times a week for a penod of five to six and a 
half weeks Durmg this time there was no con- 
sistent change m sensitivity' to the drug, although 
day-to-day vanations occuned , sometimes only 
weakness resuhed, at other times a profound 
paralysis The vems through which the injections 


were made (of the leg m cat, of the ear m rabbit) 
did not become thrombosed, and the animals 
maintamed their normal weight and health One 
rabbit and one cat, havmg become deeply cura- 
rized after a daily mjection of CIO, died before 
their course of six weeks was quite complete, 
despite artificial respiration It must be remem- 
bered, however, that it is not easy to curanze 
animals repeatedly without gettmg occasional 
casualties, 'unless elaborate preparations for arti- 
ficial respiration are made One cat was lolled as 
soon as it began to sicken at a time that an 
epidemic of agranulocytic panleucopenia was nfe 
Post-mortem findings showed in this animal only 
those changes typical of the disease In the other 
animals there were no evidences of abnormahty 
C6 — C6 was mjected mto the margmal ear vem 
of each of three rabbits, m a dose of 10 mg /kg , 
six days a week for a month This dose is more 
than a hundred times, the dose which is effective 
m man Flushing of the ears was consistently 
observed, but there was no change m health or 
weight of the ammals, and it was possible m two 
of the animals to make all the mjections mto one 
vem only Post-mortem findmgs are given below 
If these compounds possessed any chronic toxi- 
city it would probably be of the kmd described for 
another ahphatic dibasic compound “ synthahn ” 
(diguamdmodecane) m which parenchymatous 
changes, particularly of liver and kidney, are 
promment There was no evidence either of these 
changes or of any other harmful action which 
could be asenbed to the chrome admmistration of 
these drugs 


' Post-mortem findings 

Sections w'ere taken from lungs, heart, liver, gall 
bladder, spleen, small and large mtestme, kidney, 
adrenals, testes, lymph glands, bone marrow, brain, 
and dura mater 

In the rabbits, slight penbronchiolar and penvascu- 
lar lymphocjdic mfiltration of the lungs was observed, 
with occasional small areas of ulceration These 
changes were also seen m control animals, and were 
regarded as normal 

CIO Cat 1 Chronic abscess of one mesenteric 
gland, but no intestinal lesion No other abnor- 
mahty 

Cat 2 (Died after dady dose ) Pulmonary oedema 
No other abnormahty 

Cat 3 (Sickened dunng epidemic of panleuco- 
penia) Changes m gut, lymph glands, and marrow, 
typical of disease No other abnormality 

Rabbit 1 NormaL 

Rabbit 2 (Died after daii> dose) Pu)monar> 
oedema and haemorrhages No other abnormaliti 
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Rabbit 3 Not killed Abve and well 1 year later 

C6 Rabbil 1 Normal 

Rabbit 2 Scanty focal patches of infiltration of 
meninges by lymphocytic cells No other abnor 
mahty 

Rabbit 3 (Killed 4 months after last injection of 
C6) The pia arachnoid contains an obvious excess 
of round cells of lymphocytic type, and similar cells 
accompany many of the penetrating vessels (cf Rabbit 
2) Fairly common areas of perivascular mfiltration 
occur deeply and irregularly within the bram sub- 
stance Several foci of neuroghal proliferation are 
found in the cerebral hemispheres, unrelated to blood 
vessels, to recent destructive lesions, or to anatomical 
structures Their significance is quite obscure No 
other abnormality 

Antibacterial action 

Although there was no reason to suppose that 
this senes of compounds possessed an important 
antibactenal action, it seemed of mterest to deter- 
mme how far this activity vanes with the length of 
the polymethylene chain We are much mdebted 
to Dr A T Fuller for testing them for us 
Table XII gives the concentrations of the various 


TABLE XI [ 

Inhibitory concentration of polymethylene bistnmethyl- 
ammonium salts m mg/100 ml (parts per 100,000) 


Compound 

Streptococci 

Staphylococci 

B coil 

C2 

500 

>500 

>500 

C3 

500 

>1,000 

>1,000 

C4 

1,000 

>1,000 ! 

>1,000 

C5 

‘500 

>1,000' 1 

>1,000 

C6 

500 

>1,000 

>1,000 

C7 

500 

>1,000 

>1,000 

C8 

750 1 

>1,000 

>1,000 

C9 

i 500 1 

1,000 

i>l,000 

CIO 

' 300, 300 1 

1,000 

'>1,000 

Cll 

1 200 

200 

>500 

C12 

150, 100 

100,200 

100, 200 

C13 

50 

50 

50 

Cl 8 

03 

08 

8 


compounds which prevent visible growth in 18 
hours at 37° C of streptococci, staphylococci, and 
B coh The antibacterial activity is neghgible 
from C3 to C12, and is only appreciable with C18 
Even With the latter compound, however, the 
activity is only of theoretical interest 

The surface tension of aqueous solutions of the 
~ bistrimelhylammomum senes 
The change of pharmacblogical action with 
polymethylene chain length among these com- 
pounds clearly raised the question as to how far 


this might be due to change in the proportion of 
hydrocarbon cham to polar groups m the mole- 
cule The measurement of surface tension at an 
air-water interface provided a suitable method for 
studying this Table XIII gives the values obtained 

TABLE Xni 

X>epression of surface tension of water by polymethylene 
bistnmethylammomum salts (concentration 1 mg/ac) 
Compound C2 C3 C4 C5 C6 C7 C8 C9 CIO CIl C12 C13 CIB 
640401 13 10 14 06 18 13 13 4043 19 3 

for the depression of the surface tension of water 
by members of the senes, in solutions containing 
1 mg /c c of each salt With most of the com- 
pounds there was little depression of the normal 
surtace tension of the water With CI2 and C13, 
however, a distinct depression was observed, which 
became substantial with Cl 8 Care was taken to 
control the time for which the surface was allowed 
to rest undisturbed before making a measurement 
although the gradual fall of tension with time 
described for many surface-active substances was 
only observed with solutions of Cl 8 The depres- 
sion of tension recorded is therefore to some 
extent an arbitary one (measured after 10 mm 
had elapsed from first creating the surface), but 
it appeared to be within 5-10 per cent of the maxi- 
mum value It follows from these observations 
that one cannot look to changes m-surface activity 
to explam variations m pharmacological actions 
of members below about C12 - 


, Discussion ^ 

'pecies difference ^ 

One of the most remarkable properties of the 
lembers of this senes, and especially of CIO, was 
tie very great vanation m their activity according 
9 the species of arumal on which they were tested 
uch a vanation is much smaller, and m the 
averse sense, with if-tubocuranne chlonde Vana- . 
on of this sort has been desenbed for many other 
mum salts, but its magmtude for CIO, sufficient 
) make a compound of great activity m the cat 
ppear to be of shght activity in the rat, possesses 
iw parallels The species variation ui the sensi- 
vity to histamine is, perhaps, the 
i that cats are relatively sensitive and rm 
Its highly resistant But this vanation m sensi- 
vity to histamine receives a possible 
•ramelm, 1945) m the respective hi^am 

:vels of these animals it is reasonable that 
ith plasmas nch m histamine shou 
1 It, smee even cats can be actminwo 
ined histarmnaemia No such ^ ® ^ 

It has, however, yet been demonstrated, and ue 
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have obtained no evidence of adaptation to the 
effects of CIO 

Although, then, there appears to be no ready 
explanation of the species vanation, its practical 
importance deserves emphasis Any mvestigation 
of new curanzmg agents must necessarily be niade 
with more than one species Further, even with 
comparative assays of one substance, it may be 
necessary to establish that the dose-response rela- 
tions do not vary with different species , and with 
assays of substances possibly contaming several 
agents, it will be essential to be sure^ that all the 
test methods used are sensitive to all the agents 
involved The properties of CIO are a strong justi- 


fication for includmg expenments on cats at an 
early stage m any investigation — particularly since 
later trials have shown that of all the species tested 
the cat most closely resembles man (Organe, Paton, 
and Zaimis, 1949) 

The antagonism of C5 and C6 to CIO 
The characteristics of this antagomsm may be 
briefly summarized as follows it is a reversible 
antagomsm to the action of one active com- 
pound displayed by a closely related but inactive 
homologue These charactenstics, and the other 
evidence we have presented, are typical of antagon- 
ism by competitive inhibition (cf Woolley, 1947) 


T 1 ; 1 r 


100,000 . 


Neuromuscular 
block (cat's tibialis) 



/ ' Inhibition of “ true " 

chobneslerase 


Muscarine bke 
action (guinea pig ileum) 


_ Esennc 
O 

(anil esterase) 

O d Tubociirannc 
chlonde (cal's libnlis) 
OAcetylchoUne 
(muBcanne-like action) 

TeUamelbylaramonium 
iodide (cat’sS CG ) 


Te^amelb) lamraonium 
loTide (rabbit gut) 
AcelylchoLuie 
(frog’s rectus) 


Frog’s rectus , 


Antibacterial potency 
(Streptococcus) 


Depression of surface 
tension of nater 


J 1 1- .f. 


9 10 11 12 13 


18 


CC 


Fig 17 — Suttmar),- of the matn acUons of the bistnrneavlamTnnnnim 

^nes Abscissa number of carbon atoms m polymethylene cham OrHinato- 
loganthmic scale of potency, with arbitrary origins 
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For instance, the failure of C5 to antagonize large 
doses of CIO IS readily explained as being due to 
inabihty to achieve a sufficiently high ratio of C5 
to CIO for successful competition before C5 begins 
to depress neuromuscular conduction itself 

Although this type of antagomsra is well known 
It appears to be a new phenomenon m the field of 
neuromuscular block We have not analysed it m 
any detail But, for reasons which will be clear 
from what follows, we do not beheve that antagon- 
ists of this kind exist for most curanzmg com- 
pounds, but only for those substances which 
produce neuromuscular block m the same way 
as CIO 

Relation between chemical structure and pharmaco- 
logical action 

We have collated the bulk of the material 
reported m this mvestigation m Fig 17 All the 
main activities of the members of the senes are 
there represented, relating their potency to their 
cham length (There is no particular significance 
in the position of the curve for any one activity 
on the potency scale, the origm on the scale of 
ordinates being quite arbitrary , but this scale is ' 
loganlhnuc, so that the slopes of the curves are 
comparable at all points ) Together with this are 
plotted the measurements of the depression of 
the surface tension of aqueous solutions of the 
compounds 

These results may be roughly summarized as 
showing three maxima for pharmacological activi- 
ties for gangliomc action at C5-C6 , for neuro- 
muscular blocking action at CIO , and a less well 
defined maximum for stimulation of frog’s rectus, 
muscanne-like, and anUcholinesterase activity 
around Cl 2 These maxima are sufficiently distmct 
and staking to require separate discussion 

The easiest of these to explain is_ that m the 
region of C12 We have, here, bisquatemary 
compounds of increasmg chain length whose activi- 
ties (muscarine-like and in stimulating frog’s 
rectus) steadily approach those of the analogous 
monoquaternary salts (exemplified by tetramethyl- 
ammonium ion) Such a tendency is not unex- 
pected, and occurs m other connexions Thus 
It has been observed \vith aliphatic diamines, 
NH,(CH,)„NH„, that the shorter members 
(71=6 or 8) are substrates of diamine oxidase, 
and the longer members (11 = 14, 16, or 18) lose 
this activitj' but become instead substrates for 
mono-amine oxidase (Blaschko and Duthie, 1945) 
Again, Macintosh and Paton (1949) found that 
the long-chain diamine wth 7j = 16 had a mixed 
pressor and depressor effect on the cat’s blood 


pressure, characteristic both of the ahphatic mono- 
ammes and of the histamine-hberatmg diammes 
On the other hand, as the chain length of 
these bisquatemary salts mcreases certain physical 
properties of th^ salts fwhich we have measured 
by their activity in depressmg the surface tension 
of water) become more prominent It is mterest- 
ing that this surface activity begins to appear at 
C12, the pomt at which increase m pharmaco- 
logical activity on frog’s rectus and guinea-pig’s 
mtestine almost ceases We suggest, therefore, 
that this maximum near C12 represents the 
balance-point between an mcrease m activity as 
the compounds approximate -to an effectively 
monoquatemary state and a fall m activity as 
the hydrocarbon moiety of the molecule becomes 
large enough to influence the action of the 
compound 

The vanations of antibactenal potency, reachmg 
a maximum (so far as this senes extendi) at Cl 8, 
obviously parallel directly the changes m surface 
activity Similar examples, for instance among 
the alkyl resoranols, are'well recognized, and the 
relationship between surface activity and anti- 
bactenal potency is discussed by Work and Work 
(1948) 

In quite a different category is the maximum at 
CIO , this occurs at a pomt where changes in 
surface activity are not yet significant, although 
the rate of change of potency with cham-length is 
very rapid round the peak, especially m the C^7-8 
region here alteration of chain length by one 
carbon atom causes a change m potency by a 
factor of about 20 times It is of mterest that 
approximately the same distance separates the 
nitrogen atoms in CIO as m rf-tubocuranne chloride 
and m Bovet’s compounds (3381 R P and 3565 
R P ) despite the differences between CIO and these 
substances But it may be questioned whether this 
distance is specific for activity at the neuro- 
muscular junction Thus n— 10-11 is optimal for 
histamine release by diamines (Macintosh and 
Paton, 1949), and synthalin (diguamdinodecane) is 
the most active member of its series in causing 
hypoglycaemia 

The sharpness of the peaTc raises the qbestion as 
to why the length of the polymethylene cham 
should be so cntical, and certain comments maj 
be made First, CIO is at least 100 tunes more 
active m causmg neuromuscular block than tetra- 
methylammonium or trimethyldecylammonium 
salts (cf Ing and Wright, 1931) , it seems necessary 
to postulate therefore that both ends of CIO are 
active, presumably (from the symmetry of the 
molecule) in the same wav Further, it is unlikelv 


POLYMETHYLENE BISTRIMETHYLAMMONWM SALTS 


397 


TABLE XIV 


SYNOPSIS OF DIFFERENCES BETWEEN CIO AND rf-TUBOCXJRARINE CHLORIDE 



1 

CIO 1 

</-Tubocuranne chlonde 

1 Species sensitivity 

Cat> Rabbit> Monkey> Mouse> Rat 
Activity m cat 

Acuvity in rat 

Rat> Mouse> Rabbit> Cat 

1 Activity in cat^ o j; 

Activity in rat 

2 Musde selectivity 

Paralyses respiratory muscles less than 
hmb muscles m cat 

Paralyses respiratory muscles more 
than lunb muscles m cat 

3 Character of muscle response to 
tetamc stimulaUon during block 

Well-sustained contraction 

Poorly sustamed contraction 

1 

4 Effect of KCl or of a tetanus on 
block 

None 

1 Decuranzation 

5 Effect of antiesterases on block 

No antagonism j 

Decuranzation . 

6 Effect of C5 on block 

Antagonized ^ 

No antagonism 

7 Effect on striated muscle 

Ehcits- contracture of frog’s rectus 
(and potentiates acefylcholme) , 
Ehats twitch of cat’s tibiahs 

Elicits no contraction of cat’s tibiahs 
or of frog’s rectus, antagonizes 
acetylchobne on frog’s rectus 

8 Effect of rf-tubocuranne chlor- 
ide administered previously 

Antagonized (both on cat’s tibiabs 
and on frog’s rectus) 

Potenuated (Also potentiated by 
CIO previously) 

9 Effect of ether anaesthesia 

Antagonized 

Potenuated 

10 Effect on demarcation potential 
of Ubialis muscle 

Depressed 

Not depressed 


that the terminal groups ever approach each other 
to any great extent, since both carry strong posi- 
tive charges It is reasonable to suppose, there- 
fore, that the molecule when active is extended on 
some cell-membrane Finally, it is difficult to 
avoid the conclusion that the extreme sensitive- 
ness of the activity of the senes to cham-length 
imphes some rather specific “fit” between the 
extended molecule and its effector site It is 
lempung then to suppose that the effective dis- 
tance between the terminal groups (of the order 

of lOA, allowing for some freedom of movement 
of the chain) corresponds to the spacing of some 
regularly recumng receptor groups, or to the com- 
monest inter-receptor distance m a random array 
of receptor groups A recurrent acidic residue cyi 
a polypeptide chain would provide an array of the 
type required Such a theory, indeed, explains the 
sha^ of the peak at CIO, with its rapid cut-off 
at C6-C7 and slower decline from C12 onwards , 
•or a chain less than the cntical length would be 
tinable to straddle the required distance, 
mthough a longer cham would, occasionally at 
cast, be able to adopt a configuration with its 
terminal groups sufficiently close 


Similar considerations apply, of course, to the 
peak for ganghomc activity i but too httle is known 
about such compounds to elaborate the argument 
Other considerations and anomalies raised by the 
activities of C5 and C6 will be referred to m 
another paper It is worth wenhowng here, how- 
ever, that CIO and C5-C6 provide yet another and 
remarkable example of the dissociation of activi- 
ties in neuromuscular and ganghomc block A 
dose of CIO more than a hundred tunes that ade- 
quate for neuromuscular block fails to paralyse 
the supenor cervical ganghon , a dose of C5 more 
than a hundred times that adequate for ganghomc 
block fails to paralyse the neuromuscular junction 

Mode of action of CIO 

In the following discussion we shall refer only 
to CIO, since of the compounds studied it is the 
most active as a neuromuscular blockmg agent : 
but we have no reason to doubt, and much 
evidence to support the presumption, that its 
neighbours act in the same way The experiments 
we have descnbed demonstrate that CIO possesses 
those properties classically regarded as “ curari- 
Like <f-tubocuranne chloride, it paralyses 
neuromuscular transmission only, leaving nervous 
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conduction unaltered, and permitting ^the muscle 
to respond to direct stimulation , it prevents the 
effect of a close arterial mjection of acetylcholme , 
it does not mterfere with the release of acetyl- 
chohne But apart from these resemblances, there 
are differences which we believe to be suffi- 
ciently important to enumerate in some detail 
(Table XIV) 

These differences are more radical than those 
among, say, t(-tubocurarine chloride, its methyl 
ether or other related alkaloids, and the com- 
pounds studied earlier by Bovet and his colleagues 
Among these there occur variations in potency, 
in duration of action, in activity m releasmg 
histamine, m gangUomc activity, or in antiesterase 
activity But apart from these quantitative differ- 
ences (which exist also between curare and CIO) 
there appears no evidence that the modes of action 
of all these compounds differ fundamentally in 
any way Their actions m causing neuromuscular 
block, hke those of curare, fit convemently into 
the theory that they act by competing with the 
acetylchohne hberated at the nerve terminals for 
effector sites on the motor end-plate 
This IS not true for CIO Thus agents delaying 
the destruction of acetylcholme do not antagonize 
Its action (It might be suggested that this is so 
because CIO itself already partially mactivates the 
chohnesterase around the end-plate , but the 
weakness of CIO as an antichohnesterase, and 
the absence of any antagonistic action by CIO to 
that of i(-tubocurarine chloride, make it unlikely 
that more than a small part of the chohnesterase 
concerned is mhibited by the doses of CIO used ) 
On the other hand, C5 is a successful antagonist, 
in a fashion strongly suggestive of a competitive 
inhibition If CIO competes for effector sites with 
acetylcholme, and if C5 competes with CIO for the 
same sites, then C5 itself should be able to com- 
pete effectively with acetylchohne , and it should 
hence possess a blockmg action at the junction when 
given m a dose effective m antagonizing CIO , this 
in fact it lacks Only by additional assumptions 
about the stability of various drug-effector com- 
plexes can the properties of C5 be reconciled with 
a “ competitive ” theory of the action of CIO 
Another important difference hes m the abihty of 
CIO to stimulate skeletal muscle, m concentrations 
little greater than those m which acetylcholme is 
effective This, together with the fact that C5 is 
an antagomst to CIO both when stimulatmg muscle 
and when causing neuromuscular block, indicates 
that the role of CIO is not that of an inactive com- 
petitor with acetylcholme but that it is itself active 
.n some rcspiect at the neuromuscular junction 


We have described the way in which a muscle, 
m which partial block has been produced by Clo’ 
characteristically sustains its response to tetaniza- 
tion of Its motor nerve It is equally characteristic 
of the partially curanzed muscle that it cannot 
mamtam a tetanic response It is out of place to 
discuss fuUy this difference here , it may, of course, 
be due to some peculiar property possessed by 
^/-tubocurarme chloride which has not yet been 
revealed , but it also raises the possibility that the 
block produced by CIO is at some other part of 
the junctional system than that at which i/-tubo- 
curarine chloride produces block The strange 
interaction between the two compounds suggests 
the same possibihty Whatever the explanation of 
the abihty of (i-tubocuranne chloride to antagon- 
ize CIO, and of the mabihty of CIO to do the same 
to ^I-tubocuranne chlonde, it is difficult to account 
for these facts on the supposition that the two 
compounds block at the same pomt 


The arguments we have presented suggest, there- 
fore,' that CIO produces neuromuscular block by 
initiating some active response m the end-plate or 
muscle -fibre , and that this block may arise at a 
part of the junctional system different from that 
blocked by d-tubocuranne chlonde ^ active 
response of the kmd suggested has, indeed, been 
demonstrated, as a depolarization of the muscle 
fibre (Brown, Baton, and Vianna Dias, 1949) , and 
this represents an additional distinction of CIO 
from curare which we have mcluded m Table XIV 
The relationship of this depolanzation to the 
neuromuscular block remains, however, to be 
elucidated We wish, at the moment, to do no 
more than draw attention to the striking differ- 
ences between the two drugs, and to indicate the 
possibility of a fundamental divergence in their 
mode of action ' 


Finally, certam points may be mentioned con- 
cerning the differences m chemical structure which 
underlie the differences between “ClO-like” and 
“ <(-tubocurarine-hke ” compounds The informa- 
tion required to make a detailed comparison is not 
yet available (For references, see Bovet el 
1949 , Baton, 1949) But one may take, as a rougn 
guide, resistance to antiesterases and stimu a lo 
of frog’s rectus to be typical of CIO , 
tivity to antiesterases and antagonism to ace y 
choline on frog’s rectus abdominis to be 
of d-tubocuranne chlonde It then v J 

of the compounds so far adequately stu ^ , 

cause neuromuscular block, only ^ . 

ammonium ion and its tnmethyl-a ^ xvhich 
and succinylcholine (our ,«<. 

agrees with that of Boset et al , 19 ) a 
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related abpbatic choline esters, resemble CIO , the 
other compounds, including relatives of d-tubo- 
curanne chlonde, the erythroidines, and many of 
the compounds studied by Bovet and his col- 
leagues, all resemble d-tubocuranne chloride It 
IS remarkable and suggestive that this division is 
also between aromatic compounds of widely vari- 
able structure on the one hand and, on the other, 
aliphatic compounds containing methyl-substituted 
quaternary nitrogen 

Summary 

1 The pharmacological properties of a series of 
polymethylene a-ubistrimethylammonium iodides 
with 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, and 18 
carbon atoms m the polymethylene cham have 
been studied 

2 The decane derivative (CIO) causes neuro- 
muscular block m the cat in doses of 30 /J-g /kg 
mtravenously, and is the most active member of 
the senes m this respect During such block, the 
excitabihty of nerve and muscle is retained, the 
effects of acetylcholine mjected arterially are para- 
lysed, and acetylchohne release by motor nerve 
termmals is not prevented Tetanization of the 
motor nerve or mjection of acetylchohne or potas- 
sium neither dimimshes nor deepens the block A 
phase of potentiation of the muscle twitch, fascicu- 
lahons of the muscle, and repetitive responses to 
smgle nerve volleys precedes the block Dunng 
a partial block, tetanization of the muscle leads to 
a well-sustained contraction 

3 In the cat, profound neuromuscular block of 
the tibiahs muscle may be caused by CIO, without 
paralysis of respiratory muscles With rf-tubo- 
curanne chlonde respiratory paralysis accompames 
or may precede paralysis of tibiahs 

4 CIO is 50-100 times less active by mouth than 
by intravenous mjection Its activity in cats anaes- 
thetized With chloralose or pentothal is similar to 
that in the unanaesthetized cat , but ether appears 
to antagomze it slightly 

5 Sensitivity to CIO vanes greatly with species 
m order of decreasing sensitivity, the senes is cat- 
man - rabbit - monkey - mouse - rat For d-tuho- 
curanne chlonde by the same tests, the vanation 
m sensitivity is much smaller and decreases rat- 
mouse-rabbit-cat 

6 The action of CIO is not antagonized by anti- 
cholinesterases The pentane and hexane homo- 
logucs (C5, C6) are effective antagomsts , the 
antagonism appears to be by competitive inhibi- 
tion Previous admimstration of c?-tubocuranne 
chlonde also reduces the effectiveness of CIO 


7 CIO and its neighbours elicit a contracture of 
the frog’s rectus abdominis muscle, and do not 
antagonize the contracture elicited by acetylchohne 
C5 and C6 do not elicit such a contracture, but 
antagomze the actions both of CIO and of acetyl- 
choline CIO can also elicit a twitch of cat’s 
tibiahs muscle if a small dose is given by close 
arterial mjection 

8 Members of the series, particularly C5 and 
C6, are able to block ganghonic transmission 
Higher members possess a weak anticholinesterase 
action, which is more active against “ true ” chohn- 
esterase than against “ pseudo ” cholinesterase 
They also possess a weak muscarine-hke action, 
a weak power of releasing histamine, and a feeble 
antibacterial action No significant atropme-hke 
action, or abihty to stimulate autonomic gangha, 
was detected With the exception of Cl 8, members 
of the senes display neghgible activity m depress- 
ing the surface tension of water 

9 The pharmacological properties of the senes 
have been related to the length of the poly- 
methylene chain This reveals four features (1) a 
sharp maximum for potency m ganghomc block at 
C5-C6 , (2) a sharp maximum fof potency m 
neuromuscular block at CIO , (3) a less well-defined 
maximum for muscarme-like activity, stimulation 
of frog’s rectus, and antichohnesterase activity 
about Cl 2 , (4) a nse in antibacterial activity and 
surface activity beginmng about C12 and still 
mcreasmg at Cl 8 

10 The significance of the species difference, of 
the competitve antagonism of C5 for CIO, of the 
vanation of activity with length of polymethylene . 
cham, and of the differences between CIO and 
J-tubocuranne chloride is discussed 

» ^ J / 

It is a pleasure to express our indebtedness to Dr 
Harold King for his interest and guidance throughout 
this investigation, and to our colleagues for many 
fruitful discussions and cntiasms 

We are also indebted to Dr T S Work for advice 
on determining anUcholinesterase activity, to Miss 
Bashford for assistance m these determmaUons, and 
to Dr J Niven for the histological examinations 
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Much recent work has been devoted to nor- 
adrenalme There is evidence that this substance 
IS present in extracts of adrenergic nerves (Euler, 
1946, 1948) and hberated when the nerves to the 
cat’s spleen are stimulated (Peart, 1949) The dis- 
covery by Holton (1949) that large amounts are 
present m extracts of adrenal medullary tumours 
directed attention to the adrenal glands themselves 
The present mvestigation was undertaken with 
the object of applying the methods desenbed by 
Gaddum, Peart, and Vogt (1949) to blood obtamed 
from the adrenal veins While it has been m pro- 
gress evidence has been obtamed by others that 
noradrenalme is present in extracts of the adrenal 
glands (Holtz and Schumann, 1948 , Euler and 
Hamberg, 1949 , Goldenberg, Faber, Alston, and 
Chargaff, 1949 , TuUar, 1949), and liberated from 
these glands when the splanchic nerves are stimu- 
lated (Bulbnng and Bum, 1949) The results 
recorded below are m agreement with these 
conclusions 

Methods 

Collection of blood — Cats were anaesthetized with 
chloralose (40 mg. per kg) after preliminary ether 
Blood pressure was recorded with a mercury mano- 
iBeter Most of the cats were eviscerated The nerves 
m the mesentery were stimulated after the mesentenc 
arlenes had been tied, but while the portal vein was 
still open , this transferred blood into the rest of 
the cat, so that the blood pressure usually remained 
high in spite of the removal of samples for testing 
The kidneys were removed or the renal vessels tied 
The adrenolumbar veins were tied just penpherally to 
the adrenal glands All other branches of the infenor 
\cna cava below the liver were tied Both the aorta 
and the inferior vena cava were tied below the renal 
'"^^scls, and a cannula inserted in the vena cava just 
above the ligature When the vena cava was closed 
by a dip near this cannula adrenal blood flowed to the 
heart When this clip ivas moved to a pomt above 
Bic origin of the adrenolumbar veins, blood flowed 
out throug h the cannula and was collected 

’ World Health Orcantestion Fellow, 


Various precautions were taken to prevent clottmg 
and the release of interfenng substances The 
cannulae were made unwettable wtth Teddol, ohtamed 
from the Bntish Thomson-Houston Co This was 
diluted to 5 per cent with CCU, and the cannulae were 
rmsed in this fluid and then washed with water Centn- 
fuge tubes were coated with paraffin wax and cooled 
m ice-water Hepann (3,000 units per kg) was 
injected mto the cat, and 10 imits per ml of blood 
were placed in each centnfuge lube Blood was run 
mto these tubes and rapidly centrifuged Pharmaco- 
logical tests were applied to the plasma, which was 
kept in the refngerator until tested 

Stimulation — ^The splanchnic nerves were divided 
early m the experiment They were stunulated with 
an altematmg current (50 cycles, 5-10 volts) 

Preparation of extracts — ^At the end of some 
expenments extracts of glands were prepared After 
careful dissection the glands were weighed, immersed 
in 10 ml 0 15NTfc!l,"ifbund jWith sand, and kept in 
the refngeratpF^ Shortly before 4lie assay„an aliquot 
of the supernatant fluid was. diluted with’^sahne ,^d.¥' r 
the pH was adjusted •I’Na'HCO, Aftetvr-- 

standing, this fluid>was filtered and-tfie~ruiii*'* u«®^^ 
for the test, further dDutions^bcmg made J nccessaj> y 
With sahne contammg ascorbic aciaXTtF*)^ i / 

Assay — Samples of plasma extracts were compared 
with solutions of synthetic /-adrenaline (B D H ) and 
t/Z-noradrenaline hydrochlonde (Sterhng Winthrop) 

The results for noradrenaline are expressed m terms 
of /-noradrenahne, the activity of the J-noradrenaline 
being neglected 

The method used was based on that of Jalon, Bayo 
and Jalon (1945) Rat’s uterus, or colon, is suspended 
m a solution of the following composition (g /I ) , 

NaCl 9 KCl 0 42 CaCl, 0 06, NaHCO, 0 2, glucose 
0 5 at 30* C Contractions are produced every 2 min 
by a choline ester, and the assay depends on the 
mhibition of these contractions by adrenaline or nor- 
adrenahne 

The addiUon of the cholme ester was made auto- 
matically by means of the apparatus shown in Fig. 1 
It IS based on that of Schild (1946, 1947) The uterus 
or colon is susjiended m a small bath (2 ml ) Con- 
tractions are produced at intervals of 125 sec. b> 
replacing the solubon in the bath by a similar solution 
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containing carbachol This substance is more suitable 
than acetylchohne for this purpose since it is stable 
even at pH 8 for days, whereas acetylchohne is hydro- 
lysed rapidly m the reservoir The carbachol solution 
-is allowed to act for 30 sec and is then replaced by 
the ongmal solution The concentration of carbachol 
IS 0 5-1 0 pg per ml for the uterus and 0 05-0 1 pg 
per ml for the colon 

The changes are made m the followmg way A 
cog wheel, which is rotated by clockwork, makes and 
breaks a contact every 5 sec At each break a tele- 



acts on the muscle for 1 min and is not present in 
the bath when the carbachol is actmg , this causes no 
senous loss m the sensitivity of the test In the 
method used previously the addiUon of plasma to the 
bath was apt to cause a vanable loss of fluid in froth, 
so that the addition of a constant amount of choline- 
ester produced a vanable concentration m the bath 
With the method described here the concentration is 
constant, and the froth is washed away so that it does 
not mterfere with the contraction 
It has been found convenient to conduct tests on the 
^ uterus and colon simul- 

taneously with the arrange- 
ment shown in Fig. 1 
Uten from old rats often 
react slowly and it is some- 
times desirable to alter the 
setbng of the apparatus so 
that the carbachol is in the 
bath for more than 30 sec 
Uten from young rats (4-5 
weeks) are generally prefer- 
able but may be too thm 
and weak Sabsfactory re- 
sults have been obtamed 
with such uten by using 
both horns tied together, 
side by side 


phone umselector moves on one place At suitable 
intervals this makes contacts which activate telephone 
relays and these release the compression of rubber 
tubing and allow solutions to run in at the bottom 
of the organ bath A capillary tube permanently con- 
nected with a filter pump sucks oS excess fluid near 
the top of the bath, which is wider than the lower 
part Each time that the contents of the bath are 
changed the fluid flows for 5 sec The height of the 
reservoir (about 30-40 cm ) is adjusted so that the 
amount of fluid N^hich flows in 5 sec is about 5 tunes 
the volume of the bath _ 

When left to itself this apparatus produces a very 
uniform senes of contractions Solutions of adrena- 
line or other substances are added to the bath in a 
solume of 0 02-02 ml when a signal lights up I min 
before the inflow of carbachol The adrenaline thus 


Results 

In a number of expen- 
naents blood from the 
adrenal vems and ex- 
tracts of glands were 
tested by the compara- 
tively simple methods 
used by Gaddum, Peart, 
and Vogt (1949) It was 
easy to show m this way 
that stimulation of the 
splanchnic faerves, or the 
injection of acetylchohne, 
histamine, or KCI mto the artenes, caused the 
release of large amounts of active substanMS in o 
the plasma When the plasma was compare wi 
adrenahne by means of the uterus and colon the 
results were usually discrepant, and the dis- 
crepancy could usually be accounted for .on e 
theory that noradrenaline was present as we as 
adrenahne Similar evidence was obtamed witn 
extracts, but none of this evidence was rea 
vincmg When the percentage methylation of the 
mixture is small (i e , when there is a laige 
of noradrenalme) the method works we 1, as i i 
in the experiments of Peart (1949) Wheame ya 
tion IS more than 50 per cent, the method ecomcs 
inaccurate These earlier results were considered 
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unsatisfactory and wiU not be presented in detail 
It became clear that better methods were needed, 
and vanous methods were tned King (1949) has 
descnbed a test for adrenalme m which the rat’s 
uterus IS bathed m a solution contammg more than 
the usual- amount of potassium We have con- 
firmed the fact that this provides a sensitive test 
which has the advantage of simphcity On the 
other hand, it is slower than de Jalon’s method, 
and did not appear to be more sensitive In a 
small bath, solutions with a low potassium con- 
tent inhibit the uterus even when they contain 
no adrenalme It is not easy to avoid effects 
due to the potassium content of the solutions 
tested, and the use of this method was therefore 
abandoned 

The purpose of this paper is to descnbe experi- 
ments by, de Jalon’s method usmg the semi- 
automatic bath and statistics The result depended 
on the measurement of the effects of two doses of 
the standard preparation (5^ and Sj) and two doses 
of the unknown preparation {U^ and C/,) and the 
use of the formulae proposed by Gaddum (1933) 
The application of this technique to isolated organs 
was first discussed by Schild (1942) , our calcula- 
tions of the errors were made by the simphfied 
method descnbed by Bhss (1944) and Noel (1945) 
The results are calculated from differences between 
effects obtained at about the same time and are 
thus independent of slow changes in the size of the 
response 

The vahdity'of the calculations depends on the 
assumption that the effect is hnearly related to the 
loganthm of the dose Various methods of 
measuring the effect were tried The response to 
adrenalme depends on the difference between the 
effect produced under its influence and the effect 
which W'ould have been produced without it An 
estimate of the latter quantity can be obtamed by 
measuring on the drum the last contraction, before 
the addition of the adrenahne (or other substances) 
m each of a set of four doses The average of 
these four figures is taken as the effect of carbacbol 
alone dunng this tune The heights of the con- 
tractions m the presence of S and U are calculated 
as a percentage of this quantin’^ This method of 
measurement makes allowance for the fact that the 
response of the uterus to carbachol tends to 
oiminish m the course of an hour or two Fig 2 
snows the results of an expenment calculated m 
mis way It also shows the results of a similar 
colon Since the base-line is 
miH organ the measurements were 

„ rrom an artificial base-lme fixed at an 
rary Ic\el through the bottom of the tracing 



mfig per ml 

Fig 2 — Vertical scale contraction per cent, due to 
carbachol Horizontal scale concentration of 
drugs in bath Circles adrenahne Tnangles 
wradrenahne, white rat’s Uterus, black rat’s 
colon Theoretical curves (see text) 

Clark (1937) has drawn attention to the fact that 
the relation between the dose of acetylcholme or 
adrenahne and some of their effects on plam 
muscle can be explamed m terms of the mass laws 
In the simplest case the curve connectmg these 
quantities is a hyperbola, and the S-shaped curve 
connectmg the effect with log dose has a charac- 
tenstic slope , The curves drawn m’ Fig 2>iiave 
been calculated on this theory It wnU be seen 
that the observations 'fit-the curves fairly well 
except for those showing the effect of- adrenahne 
on the uterus, which would be better fitted by -a* 
steeper curve The calculations might perhaps be 
based on the assumption that the points he on 



Fig 3 — Rat s uterus Exp 50 Carbachol every 2 min 
Effects of standard adrenaline (I and 2 m^g ) and 
unknown solution Ratio of doses S.fSi = 

= 2 
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Fig 4 — Rat’s colon As Fig 3, but doses of adrenaline 
400 and 800 mfig 

these curves, but m the present state of knowledge 
It seems safer to adopt the simpler approximation 
that the curves are straight lines , this seems to be 
nearly enough true for effects between 20 and 80 
per cent It is fortunate that the curves for adren- 
ahne and noradrenaline have about the same slope 
If this had not been so, the results would have 
been very difficult to interpret 


TABLE I 

EFFECTS ON UTERUS (EXP 50) 


Sets 

Doses 

Contraction before 
UotS 

Contraction after 
UotS 

mm 

1 

Meari 

1 

mm 

Per cent 
of mean 

1 

Ui 

74 


60 

84 


St 

73 


46 

64 


Si 

1 70 


54 

76 


Ut 

69 

71 5 

46 

64 

2 

Ut 

I 70 


46 

70 


Ui 

65 


54 

82 


St 

66 


44 

67 


Si 

63 

66 

50 

76 

3 

Ut 

62 


41 

67 


Ui 

61 


50 

82 


Si 

61 


46 

75 


St 

61 

61 

37 

61 

4 

Ut 

62 


5? 

65 


St 

59 


37 

62 


Sf 

i 59 


47 

78 

1 

lli 

1 60 

1 60 

48 

80 


Less elaborate methods of measuring the effect 
can be used in routme tests The results with the 
uterus discussed below were actually calculated 
as percentages, but 'direct calculations from the 
heights of the records m mm would probably be 
equally satisfactory, since the method of calcula- 

TABLE II 


calculations for assay on uterus (exp 50) 



4 Sets of results 

1 

2 

3 

4 


Effects of standard 

76 

64 

76 

67 

75 

61 

78 

62 

Ui\ 

Effects of unknown 

84 

64 

82 

70 

82 

67 

' 80 
65 

D, 

Ut-St 

0 

3 

6 

3 

Dt 

Ui-Si 

8 

6 

7 

2 

£>., 

Ut-Ui 

-20 

-12 

— 15 

—15 


St- Si 

-12 

-9 

-14 

-16 

yi 

Di+Dt 

8 

9 

13 

5 

I’t 

Dj+Di 

-32 

-21 

-29 

-31 

Va 

Di — Di 

-8 

-3 

-1 

1 

Ti 

S(yi) 

Sample dif- 





ferenceN 


35 

T. 

S(yt) 

Dose 

differ- 





ence 

-113 

r. 

S(vt) 

Slope differ- 


11 



ence 

— 

/ 

Log ratio of doses 

Log 2 


[ 0 3010 

M 

TiUTt 

Log potency 




of 17/5 

~0 093:ii 

R 

100 antilog At 

Potency of U 


( 


(%ofi7 

BDjbS 

h 

TtlllN 

Slope 


-46 927 

A 

S(yiy+S(y^'-+S(yty 

- 

- 

3,681 

B 

S(Ty+ r.'+ r,») 

- 

- 

14,115 

s 

V(A-B/N)n2(N~l) 

S D of effect 

2 0566 

A 

'sIb 

S D of log 





dose 


OOfJlfJ 

0 02294 

43 


AVd + TjVTiW 
(l-antilog Am)R - 

SD of A/ 


or 2 303 Am R 





t 

T,l2si/N 


■ 

1 


used is designed to ehminafe errors due to a 
change in the response of the tissue In e 
nments with the colon the calculations actua y 
made directly from measurements o e 
It of the response above an artificial 
this purpose, it is unnecessary that this 
should be at the bottom of the ’ 

placed at any convenient height (ct ^ 
response of the colon to carbacbo 
tamed for six to eight hours, , 

a tendency for the muscle to lengthen ^ou- 
The effect of this change is climmated by 
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TABLE in 
estimates of error 



- 

Uterus 



Colon 


Exp 



Coefficient 



Coefficient 

A 

Am - 

of vanation 
per cent 

- A 

Am 

of vanation 
per cent 

40x 

0 0778 

0 0403 

97 

0145 

0 0744 

18 7 


0 0425 

0 0217 

5 2 


0 0572 

14 1 

48 

0 0615 

0 0540 

11 3 


0 0950 

24 5 

49 

0 0597 - 


7 5 


0 0505 

12 3 


0 0519 


5 9 

0 093 

0 0470 

11 4 

J 50 

0 0438 

0 0229 


0 219 

0 1125 

29 6 

* 52 

0 0447 

0 0270 

0 0717 

0 0423 

10 3 

53(2) 

0 0653 

0 0382 

9 1 

0 0529 

0 0265 

63 

53(3) 

0 1097 

0 0567 

14 0 

0 164 

0 0864 

22 0 

Mean 

0 06188 

0 03527 

8 3 - 

0 1264 

0 0058 

16 6 


The appropriate doses are chosen as the result 
fif prelinimary tests In experiments with the 
uterus the ratio of the larger doses {S^ and U^) 
to the smaller doses (5’^ and UJ is 2 , with the 
colon this ratio is 2 or 4 These doses are given 
in random order , this whole set of results is 
repeated four times usmg different random orders 
of doses The paper is then varnished, and the 
contractions measured and the calculations made 
Hg 3 shows the first and last sets of results in 
experiment 50 with the uterus Fig 4 shows one 
of the four sets of results m experiment 50 with 
the colon 

Table I shows the measurements made from the 
tracmg shown m Fig 3 and the calculation of the 
percentage effect, which is shown m the last 
column 

Table II shows the calculation of the result of 
an assay and its error In this assay the potency 
of V was estimated as SO 68 ±4 3 per cent of that 
of S The quantity r is used to calculate whether 
the slopes of the two curves are significantly dif- 
ferent A standard table of t shows that the value 
obtamed here corresponds to a probabihty between 
0^ and 0 3, when there are 3(A-I) or 9 degrees of 
freedom There is thus no evidence that the lines 
^re not parallel 

Table III shows estimates of the error in 9 
a^ys on uterus and colon The quantity X gives 
me best measure of the general accuracy of the 
^t, being independent of the number of sets of 
results The mean values w'ere about 0 062 for the 
uterus and 0 126 for the colon These figures ma^ 


be compared with 0 043 for the assay of histamme 
on gumea-pig’s ileum (Schild, 1942) and 0 033 for 
the assay of adrenalme on dog’s blood pressure 
(Noel, 1945) The standard error of the actual 
assays was about 8 3 per cent for the uterus and 
twjce as large for the colon 
The test for parallehsm of the dose-effect curves 
was made in all 18 assays P was greater than 0 05 
in every assay except one, and in that one it was 
only slightly less There was thus no evidence of 
lack^f parallehsm 

T/ie calculation of concentrations in mixtures 
If a solution contaming a mixture of adrenalme 
and naradrenahne is assayed agamst pure solu- 
tions of the two drugs using both uterus and 
colon, the four results may be used to provide 
estimates of the concentrations m the mixture, if 
It IS assumed that the effects of the two drugs are 
simply additive and that no other active substances 
are present The log’cal basis of the formulae 
used for thiS purpose is given below Similar 
formulae h^ve been devised independently by 
Euler (1950) and Bhlbrmg (1949) 

Let Au, Ac, Nu. and fTin denote xife. adrenaline- 
equivalents and the noradrenahne-equivalents, on 
the uterus and colon respectively, as determined 
by assay, and let A and N denote the actual con- 
centrations of the two drugs 

Let Ru and Rc denote the ratios of doses of nor- 
adrenahne to the equivalent doses of adrenaline, 
so that Ru^ffufAu and Rc=^Nc f Ac 
The adrenaline equivalent of the mixture should 
be equal to the sum of the adrenalme equivalents 
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of the two drugs present 
equations ^ 

Au=A + 


Ru 

Whence N=RcRu 


We thus have the two 


Ac-A + rc 


and A = 


(Ac—Au) 
(Ru-Rc) 
AuRu — AcRc 


Ru — Rc 

Actually Rc is neghgibly small compared with 
Ru, therefore 

N=(Ac-Au) Rc (1) 

Rc 

and /4 = /4 m— A c- 5 — ( 2 ) 

Ru 

When the percentage methylahon is high it is 
best to use adrenaline as the mam standard pre- 
paration, and the equations are given above m a 
form which is convenient when this is done 

The evidence that noradrenahne is present m the 
mixture depends on the difference between the two 
estimates of the adrenahne equivalent (Ac and Aw) 
and IS only significant when these estimates are 
significantly different from one another When 
this IS so, formula (1) gives a convement estimate 
of the concentration of woradrenahne The result 
with the uterus (Aw) can sometimes be taken as a 
direct estimate of the concentration of adrenahne , 
equation (2) provides a correction which is negh- 
gible when the percentage methylahon is high, but 
becomes important when this percentage falls 
below 20 

When the percentage methylahon falls below 10, 
it IS theorehcally better to use woradrenahne as the 
standard preparation and the following equations 
will then be more convenient They are really the 
same as those given above 

(Nu-Nc) ^ 2 ^ 


A = - 


Ru 


N=Nc—Nu 


Rc 

Ru 


( 4 ) 


The discussion on equations (1) and (2) also 
applies mutatis mutandis to equations (3) and (4) 
Table TV shows the results by this techmque 
with known mixtures of adrenahne and nor- 
adrenaline All these assays were made by the 
statistical procedure outlined above, and their 
errors have already been discussed It will be seen 
that the calculahons giv e estimates of the concen- 
trations of adrenahne and noradrenaline in the 
mixture which are hkely to be accurate enough 
for some purposes 

Table V shows the results of the application of 
this method to extracts of adrenal glands and to 
blood obtained from the adrenal veins during 


TABLE IV 


ASSAYS OF KNOWN MIXTURES 


No of expenment 

40x 

40y 

48 

49 

1 

51 

Adrenaline equiva- 
lent 

Uterus 

Colon 

240 

1,177 

432 

1,160 

1,438 

6,508 

2,234 

4,860 

2,030 

3,796 

Ratio {Nor /Adr ) 
Uterus (^/) 

Colon ()?c) 

80 

1 

80 

1 

' 500 
0 5 

37 
0 73 

-180 

1 

Adrenahne concen- 
tration 
Calculated 

Actual 

Error per cent 

225 
200 
+ 12 5 

417 
500 
-16 6 

1,431 

2,000 

-28 

2,138 

2,000 

+11 

2,009 

2,000 

+04 

TVbradrenaline con- 
centration ^ 
Calculated 

Actual 

Error per cent 

937 
800 
+ 17 1 

728 ^ 
500 
+45 6 

2,530 
2,000 
+26 5 

1,917 

2,000 

-41 

1,766 
2,000 
-11 7 

Total amme 
Calculated 

Actual 

Error per cent 

1,162 
1,000 
+ 162 

1,145 
1,000 
+ 14 5 

3,961 

4,000 

-1 

4,055 
4,000 
+ 1 4 

3,775 
4,000 
-5 4 

Methylahon per cent 
Calculated 

Actual 

19 

20 

36 

50 

36 

50 

1 

50 1 

53 

50 


timulation of the splanchnic nerves In all these 
issays the estimated percentage of methylation 
vas high, and it was necessary to test whether the 
esults could be accounted for on the theory that 
idrenalme was the only active substance present 
rhe evidence against tins theory hes m t e 
hat Ac>Aw The foui^ hne gs 

>f the probabihty that the observed difference 

vould occur by chance owing o fipures 

he test The method by which these fi^r« 
vere calculated may be illustrated jv 

[n expenment 50 the difference between thj 
oganthms of the two estimates = og 938/55 
)2201 The standard errors of the ^ 

jf the two etimate are 0 0229 and 0 112^ 
Table III) The standard error of 0 2201 is ^ 

,/ (0 0229)= + (0 1125)"'= 0 1148 'nd 

3 2201/0 1148=1 92, and P lies between 

3 1 (9 degrees of freedom) presence of 

provides no significant evidence of t P ^j^en- 
iny active substance in the solntion 
,lme -n. error of Ure 

unusually large in tins assay O j^dence of the 
experiment 52 provides sigmfieant j of 

pr^ence of some other substance in the extract 01 
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TABLE V 

ESTIMATES OF CONCENTRATIONS IN ADRENAL GLANDS AND 
ADRENAL VENOUS PLASMA 



Adrenal glands 
fig Perg 

Plasma 
iig per ml 

Mo of experiment 

50 

52 

53(2) 

53(3) 

Adrenaline equiva- 
lent 





Uterus 

556 

618 

2 62 

1 66 

Colon 

938 

877 

4 78 

2 32 

Probability of dif- 




0 1-0 2 

ference 

0 05-0 1 

caO 01 

1 <0 001 

1 

Ratio {Nor /Adr ) 
Uterus {Ru) 

180 

150 

75 

75 

Colon (Rc) 

0 21 

09 

0 33 

0 43 

Calculated concen- 
tration 





Adrenalme 

555 

613 

2 61 

1 65 

A/b 'adrenaline 

80 

236 

0 71 

0 28 

Methylation per 





cent 

87 

72 

78 5 

85 5 


the gland It would clearly not be possible to 
identity this substance in a mixture by tests of 
this kind, but, if it is justifiable to assume that it is 
Horadrenahne, then the results give an estunate of 
the amount present 

In experiment 53 a control sample of plasma 
from the adrenal veins was roughly equivalent on 
the uterus to 0 005 /ig of adrenalme per ml On 
stimulation of the splanchmc nerves, the figure rose 
immediately to 2 62 jxg per ml (sample 2) Stimu- 
lation was continued without intermission for 
64 mm and sample 3 was collected dunng the 
last 16 mm of this time The results of assays 
on these two samples are shown in Table V In 
sample 2 there was sigmficant evidence that adren- 
alme Was not the only active substance present 
The results with sample 3 were similar, but the 
evidence was not significant , such results might 
occur with adrenahne alone The percentage 
Tnethylation appeared to nse slightly There was 
no ewdence m this experiment of a loss of the 
adrenals’ powers of methylation even when the 
ncn-es were continuously stimulated for over 
45 min 

Discussion 

Straightforward pharmacological methods can 
to identify adrenalme or noradrenaline 
"hen either is present alone or m overwhelming 
excess Wlicn the percentage methylation of a 


mixture of these substances is 10 or more, Au 
gives a direct estimate of A , when it is 10 or less, 
Nc gives a direct estimate of N When the percen- 
tage IS about 10 both these quantities can thus be 
estimated directly with fair accuracy In other 
cases, more compheated methods must be used 
If there is doubt about the nature of the active 
substances present in the mixture the methods 
described here are not well adapted for their iden- 
tification If evidence from other, sources justifies 
the assumption that these substances are adren- 
ahne and noradrenalme the formulae give some 
mdication of the percentage methylation 

The presence of noradrenaline in extracts of 
adrenals is already proved, and the percentage 
methylation has been estimated by chemical 
methods The pharmacological methods have 
the advantage of sensitivity and may be useful m 
problems where the concentrations are low The 
fact that the methods desenbed here have given 
similar results to the chemical methods when 
apphed to extracts is evidence in favour of their 
value when applied to lower concentrations 

The results of experrment 53 show that adren- 
ahne was not the only substance liberated by the 
nerves Acetylchohne is known to be hberated, 
but would be hydrolysed in the conditions of these 
experiments and would not produce the observed 
effects It would either cause a contraction of the 
colon withm a few seconds of bemg added to the 
bath or have no effect at all Histamme is unlikely 
to be the cause of the discrepancy, since it is 
comparatively inactive m these tests The release 
of noradrenahne is the most hkely explanation of 
this result, which thus confirms the conclusions of 
Biilbnng and Burn (1949) It is, however, clearlyr 
desirable to separate the two substances before 
tests are made , a method of doing this is m course 
of development 

Summary 

1 The concentrations of both adrenaline and 
/loradrenaline in a mixture of these drugs can be 
roughly determined by parallel quantitative assays 
on the rat’s uterus and colon 

2 The results may be misleading unless they are 
analysed statistically 

3 Extracts of cats’ adrenals and plasma collected 
from the cat’s adrenal veins dunng stimulation of 
the splanchnic nerves both contain some other 
substance besides adrenaline The results confirm 
the view that this is noradrenaline and give an 
estimate of the amount 
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